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1.0 PURPOSE

The purpose for this Environmental Calculation is to document the calculation of potential human
health risk to Native Americans from exposure to contaminants in the 200-PO-1 Groundwater
Operable Unit (OU). Exposure is evaluated for two currently available Native American
exposure scenarios assuming a hypothetical failure of current administrative controls such that
tribal use of 200-PO-1 OU groundwater becomes possible. Groundwater exposure pathway
cancer risks and non-cancer hazards are calculated based on current groundwater conditions for
both radioactive and nonradioactive contaminants of potential concern (COPCs). For purposes of
this calculation, any analyte detected at least once in groundwater at the 200-PO-1 OU is included
in the exposure and risk calculations as a COPC. Potential health risks are calculated for
ingestion, inhalation, and dermal exposures to groundwater COPCs from use of groundwater as a
domestic drinking water source and as a source of steam in a sweat lodge. Risks are calculated
and presented separately for each of three 200-PO-1 OU groundwater exposure areas consisting
of: 1) near-field, 2) far-field, and 3) river.

2.0 METHODOLOGY

Several local and regional tribes have ancestral ties to the Hanford Reach of the Columbia River
and the U.S. Department of Energy (DOE) has requested that each tribe provide an exposure
scenario that reflects their traditional activities. At this time, the Confederated Tribes of the
Umatilla Indian Reservation (CTUIR) (Harris 2008, Application of the CTUIR Traditional
Lifeways Exposure Scenario in Hanford Risk Assessments, Harris and Harper 2004, Exposure
Scenario for CTUIR Traditional Subsistence Lifeways) and Yakama Nation (Ridolfi 2007,
Yakama Nation Exposure Scenario for Hanford Site Risk Assessment) have provided scenarios.

For purposes of this Environmental Calculation, adult and child members of the CTUIR and
Yakama Nation are assumed to use groundwater from the 200-PO-1 Groundwater OU as a
drinking water source (i.e., domestic supply) and to make steam in a sweat lodge (adult tribal
members only) as a part of their lifeways. Use of groundwater to irrigate crops and water
livestock is not evaluated because those exposure pathways, although potentially complete, are
considered insignificant and secondary to the drinking water and sweat lodge exposure pathways.
Food chain pathways are generally evaluated quantitatively in the source area exposure
assessments because the RESRAD model (ANL 2009, RESRAD, Version 6.5) used to estimate
exposure considers these pathways. Contact with contaminated drill cuttings is not addressed
because this assessment includes only groundwater pathway exposures.

Potentially complete exposure routes for adult and child tribal members associated with using
groundwater as a domestic drinking water supply are as follows:

* Ingestion of drinking water

* Inhalation of volatiles when showering and using drinking water for other domestic
purposes

* Dermal exposure from showering and using drinking water for other domestic purposes
(e.g., washing dishes)

2



ECF-200P01-09-2115 REV 2

Potentially complete exposure routes for adult tribal members associated with using groundwater
in a sweat lodge are as follows:

* Inhalation of volatiles and aerosolized nonvolatiles while spending time in a sweat lodge

" Dermal contact with vapors and condensed liquid while spending time in a sweat lodge.

2.1 CONTAMINANT INTAKE

For the drinking water pathway, contaminant intake is quantified using standard EPA equations
and procedures as specified in EPA's Risk Assessment Guidance for Superfund (RAGS)
documents (Parts A through F) (EPA/540/1-89/002, 1989, Risk Assessment Guidancefor
Superfund: Volume 1-Human Health Evaluation Manual, Part A, Interim Final;
EPA/540/R-92/003, 1991, Risk Assessment Guidance for Superfund: Volume I - Human Health
Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation Goals):
Interim; EPA/540/R/99/005, 2004, Risk Assessment Guidance for Superfund Volume I: Human
Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment); and
EPA-540-R-070-002, 2009, Risk Assessment Guidance for Superfund: Volume 1-Human
Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment)).
The equations and parameters used to quantify contaminant intake for the drinking water pathway
are presented in Section 2.4.

For the sweat lodge pathway, contaminant intake is quantified based on standard EPA methods
coupled with the sweat lodge steam model provided in Harris and Harper (2004). The equations
and parameters used to quantify contaminant intake for the sweat lodge pathway are presented in
Section 2.5.

The CTUIR and Yakama Nation have provided many of the exposure factors necessary to
quantify contaminant intake in Harris (2008), Harris and Harper (2004), and Ridolfi (2007).
Those values are used preferentially rather than EPA residential defaults. Where tribal-specific
factors are not provided, EPA defaults are used (EPA/540/R-92/003).

2.2 CANCER EFFECTS

The potential for carcinogenic effects is evaluated by estimating the incremental increase in the
probability of developing cancer over a lifetime (excess lifetime cancer risk [ELCR]) in addition
to the background probability of developing cancer (that is, if no exposure to site contaminants
occurs). Cancer slope factors developed by the EPA are considered to be a plausible upper bound
estimate of the cancer potency of a contaminant. By using these upper bound estimates for the
cancer slope factors, there is reasonable confidence that the actual cancer risk will not exceed the
estimated risks calculated with these slope factors and may actually be lower (EPA/540/1 -
89/002). The following equation is used to estimate risk for non-radionuclides and radionuclides:

Risk = CDI x SF (1)

where:

Risk = Excess lifetime cancer risk (unitless probability)
CDI = Chronic daily intake averaged over a lifetime (mg/kg-day)
SF = Cancer slope factor (mg/kg-day)'
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1.0 PURPOSE

The purpose for this Environmental Calculation is to document the calculation of potential human
health risk to Native Americans from exposure to contaminants in the 200-PO-1 Groundwater
Operable Unit (OU). Exposure is evaluated for two currently available Native American
exposure scenarios assuming a hypothetical failure of current administrative controls such that
tribal use of 200-PO-1 OU groundwater becomes possible. Groundwater exposure pathway
cancer risks and non-cancer hazards are calculated based on current groundwater conditions for
both radioactive and nonradioactive contaminants of potential concern (COPCs). For purposes of
this calculation, any analyte detected at least once in groundwater at the 200-PO-1 OU is included
in the exposure and risk calculations as a COPC. Potential health risks are calculated for
ingestion, inhalation, and dermal exposures to groundwater COPCs from use of groundwater as a
domestic drinking water source and as a source of steam in a sweat lodge. Risks are calculated
and presented separately for each of three 200-PO-1 OU groundwater exposure areas consisting
of: 1) near-field, 2) far-field, and 3) river.

2.0 METHODOLOGY

Several local and regional tribes have ancestral ties to the Hanford Reach of the Columbia River
and the U.S. Department of Energy (DOE) has requested that each tribe provide an exposure
scenario that reflects their traditional activities. At this time, the Confederated Tribes of the
Umatilla Indian Reservation (CTUIR) (Harris 2008, Application of the CTUIR Traditional
Lifeways Exposure Scenario in Hanford Risk Assessments, Harris and Harper 2004, Exposure
Scenario for CTUIR Traditional Subsistence Lifeways) and Yakama Nation (Ridolfi 2007,
Yakama Nation Exposure Scenariofor Hanford Site Risk Assessment) have provided scenarios.

For purposes of this Environmental Calculation, adult and child members of the CTUIR and
Yakama Nation are assumed to use groundwater from the 200-PO-1 Groundwater OU as a
drinking water source (i.e., domestic supply) and to make steam in a sweat lodge (adult tribal
members only) as a part of their lifeways. Use of groundwater to irrigate crops and water
livestock is not evaluated because those exposure pathways, although potentially complete, are
considered insignificant and secondary to the drinking water and sweat lodge exposure pathways.
Food chain pathways are generally evaluated quantitatively in the source area exposure
assessments because the RESRAD model (ANL 2009, RESRAD, Version 6.5) used to estimate
exposure considers these pathways. Contact with contaminated drill cuttings is not addressed
because this assessment includes only groundwater pathway exposures.

Potentially complete exposure routes for adult and child tribal members associated with using
groundwater as a domestic drinking water supply are as follows:

" Ingestion of drinking water

* Inhalation of volatiles when showering and using drinking water for other domestic
purposes

" Dermal exposure from showering and using drinking water for other domestic purposes
(e.g., washing dishes)
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Potentially complete exposure routes for adult tribal members associated with using groundwater
in a sweat lodge are as follows:

* Inhalation of volatiles and aerosolized nonvolatiles while spending time in a sweat lodge

* Dermal contact with vapors and condensed liquid while spending time in a sweat lodge.

2.1 CONTAMINANT INTAKE

For the drinking water pathway, contaminant intake is quantified using standard EPA equations
and procedures as specified in EPA's Risk Assessment Guidance for Superfund (RAGS)
documents (Parts A through F) (EPA/540/1-89/002, 1989, Risk Assessment Guidancefor
Superfund: Volume 1-Human Health Evaluation Manual, Part A, Interim Final;
EPA/540/R-92/003, 1991, Risk Assessment Guidance for Superfund: Volume I - Human Health
Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation Goals).
Interim; EPA/540/R/99/005, 2004, Risk Assessment Guidance for Superfund Volume I: Human
Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment); and
EPA-540-R-070-002, 2009, Risk Assessment Guidance for Superfund: Volume 1-Human
Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment)).
The equations and parameters used to quantify contaminant intake for the drinking water pathway
are presented in Section 2.4.

For the sweat lodge pathway, contaminant intake is quantified based on standard EPA methods
coupled with the sweat lodge steam model provided in Harris and Harper (2004). The equations
and parameters used to quantify contaminant intake for the sweat lodge pathway are presented in
Section 2.5.

The CTUIR and Yakama Nation have provided many of the exposure factors necessary to
quantify contaminant intake in Harris (2008), Harris and Harper (2004), and Ridolfi (2007).
Those values are used preferentially rather than EPA residential defaults. Where tribal-specific
factors are not provided, EPA defaults are used (EPA/540/R-92/003).

2.2 CANCER EFFECTS

The potential for carcinogenic effects is evaluated by estimating the incremental increase in the
probability of developing cancer over a lifetime (excess lifetime cancer risk [ELCR]) in addition
to the background probability of developing cancer (that is, if no exposure to site contaminants
occurs). Cancer slope factors developed by the EPA are considered to be a plausible upper bound
estimate of the cancer potency of a contaminant. By using these upper bound estimates for the
cancer slope factors, there is reasonable confidence that the actual cancer risk will not exceed the
estimated risks calculated with these slope factors and may actually be lower (EPA/540/1-
89/002). The following equation is used to estimate risk for non-radionuclides and radionuclides:

Risk = CDI x SF (1)

where:

Risk Excess lifetime cancer risk (unitless probability)
CDI = Chronic daily intake averaged over a lifetime (mg/kg-day)
SF = Cancer slope factor (mg/kg-day)'
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Or

Risk = Intake x SF (2)

where:

Risk = Excess lifetime cancer risk (unitless probability)
Intake = Activity (pCi)
SF = Cancer slope factor (pCi)-i

For cases of high levels of ELCR, defined as an ELCR greater than 0.01, the following "one-hit"
cancer risk equation from EPA RAGS A guidance (EPA/540/1-89/002) is used.

Risk =1- exp(- CDI x SF) (3)

where:

Risk = Excess lifetime cancer risk (unitless probability)
CDI = Chronic daily intake averaged over a lifetime (mg/kg-day) or (pCi)
SF = Cancer slope factor (mg/kg-day)'l or (pCi)-1

Although synergistic or antagonistic interactions might occur between cancer-causing
contaminants and other contaminants, information is generally lacking in the toxicological
literature to predict quantitatively the effects of these potential interactions. Therefore, cancer
risks are treated as additive within an exposure route in this assessment. This is consistent with
the EPA guidelines on chemical mixtures presented in EPA/630/P-03/001F, 2005, Guidelinesfor
Carcinogen Risk Assessment. For estimating the cancer risks from exposure to multiple
carcinogens from a single exposure route, the following equation is used:

Risk, = NRisk (4)

where:

RiskT = Total cancer risk from route of exposure
Riski = Cancer risk for the ith chemical
N = Number of chemicals

It should be noted that EPA considers external radiation to be a significant exposure route only
for radionuclides in soil (EPA/540/1-89/002); external radiation from radionuclides in water is
considered insignificant due to its shielding effects. EPA does not publish radionuclide cancer
slope factors to quantify cancer risk from external or dermal exposure to radioactive COPCs in
groundwater. Radionuclide cancer risk is therefore calculated in this evaluation only for
ingestion and inhalation exposures.

2.3 NONCANCER EFFECTS

For noncancer effects, the likelihood that a receptor will develop an adverse effect is estimated by
comparing the predicted level of exposure for a particular contaminant with the highest level of
exposure that is considered protective (that is, its reference dose [RfD]). The ratio of the chronic
daily intake (CDI) divided by the RfD is termed the hazard quotient (HQ):
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HQ = Chemical Intake (mg/kg - day)

RfD (mg/kg - day) (5)

When the HQ for a contaminant exceeds 1 (that is, exposure exceeds RfD), there is a concern for
potential noncancer health effects. To assess the potential for noncancer effects posed by
exposure to multiple contaminants, a "hazard index" (HI) approach is used according to EPA
guidance (EPA/540/1-89/002). This approach assumes that the noncancer hazard associated with
exposure to more than one contaminant is additive; therefore, synergistic or antagonistic
interactions between contaminants are not accounted for. The HI is calculated as follows:

HI = ( CDIf (6)

where:

HI = hazard index
CDII = daily intake of the ith chemical (mg/kg-day)
RfDj = reference dose of the ith chemical (mg/kg-day)
N = number of chemicals

2.4 DRINKING WATER PATHWAY EQUATIONS AND PARAMETERS

Drinking water-related intake for both the CTUIR and Yakama Nation scenarios is based on an
exposure frequency of 365 days/yr over a 70-year exposure duration (apportioned as 6 years
child, 64 years adult). Exposure factors used to quantify contaminant intake from drinking water
exposure are provided in Tables 2-1 and 2-2. Contaminant specific factors are provided in the
calculation attachments listed in Section 5.

5
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Table 2-1. Summary of Exposure Assumptions Used to Calculate Drinking Water Intake for CTUIR
Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source

Averaging Time - Carcinogens and noncarcinogens AT 70 yr Harris and Harper 2004

Partitioning constant derived by Bunge Model B COPC-specific unitless See Table 3-2

Body Weight - adult BWa 70 kg Harris and Harper 2004

Body Weight - child BWc 15 kg Harris and Harper 2004

Conversion Factor CF1 365 days/yr 1 year = 365 days/year

Conversion Factor CF2 1/24 day/ hr I day= 24 hr

Conversion Factor CF3 0.001 L/cm 3  1 L = 1,000 cm3

Cancer Slope Factor - oral CSFo COPC-specific (mg/kg-day)' See Table 3-2

Chronic daily intake - nonradiological ingestion CDI Calculated value mg/kg-day Equation 7 and 10

Chronic daily intake - radiological ingestion CDI Calculated value pCi Equation 12

Chronic daily intake - carcinogen inhalation CDI Calculated value pg/m3  Equation 15

Chronic daily intake - noncarcinogen inhalation CDI Calculated value mg/m 3  Equation 17

Chronic daily intake - radiological inhalation CDI Calculated value pCi Equation 19

Chronic daily intake - nonradiological dermal CDI Calculated value mg/kg-day Equation 23 and 26

Contaminant concentration in groundwater Cw COPC-specific mg/L or pCi/L ECF-200PO1-09-2027

Absorbed dose per event DAevent Calculated value mg/cm2-event Equation 29, 30,and 31

Exposure Duration - adult EDa 70 Yr Harris and Harper 2004

Exposure Duration - child EDc 6 yr Harris and Harper 2004

Exposure Frequency EF 365 days/yr Harris and Harper 2004

Exposure time - adult ETa 0.58 hours/day EPA/540/R/99/005

Exposure time - child ETc 1 hours/day EPA/540/R/99/005

Age-Adjusted Exposure Time ETadj 0.616 hours/day Equation 21 and 28

Event frequency - adult EVa 1 event/day EPA/540/R/99/005

6
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Table 2-1. Summary of Exposure Assumptions Used to Calculate Drinking Water Intake for CTUIR
Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source
Event frequency - child EVc 1 event/day EPA/540/R/99/005

Fraction of absorbed water FA COPC-specific unitless See Table 3-2

Gastrointestinal absorption factor GIABS COPC-specific unitless See Table 3-2

Age-Adjusted Inhalation Rate - radiological INHRADadj 1,690 m3-yr/day Equation 20

Inhalation rate - adult INHa 25 m3/day Harris 2008

Inhalation rate - child INHc 15 m3/day Harris 2008

Water Ingestion Rate - adult IRWa 4 L/day Harris and Harper 2004

Age-adjusted water ingestion rate - nonradiological IRWadj 4.057 L-yr/kg-day Equation 8

Water Ingestion Rate - child IRWc 1 L/day Harris and Harper 2004

Age-adjusted water ingestion rate - radiological IRWRADadj 262 L-yr/day Equation 13

Inhalation Unit Risk IUR COPC-specific (ug/m3)' See Table 3-2

Dermal permeability coefficient Kp COPC-specific cm/hr See Table 3-2

The constant pi 71 3.14159 unitless EPA/540/R/99/005

Reference Concentration RfC COPC-specific mg/M3  See Table 3-2

Reference Dose - oral RfDo COPC-specific mg/kg-day See Table 3-2

Age-adjusted skin surface area SAadj 19,097 cm 2-yr/kg-day Equation 24

Skin Surface Area - adult SAa 18,000 cm 2  EPA/540/R/99/005

Skin Surface Area - child SAc 6,600 cm 2  EPA/540/R/99/005

Slope Factor - inhalation SFi COPC-specific pCi' See Table 3-2

Slope Factor - oral SFo COPC-specific pCi' See Table 3-2

Time to reach steady state conditions t* COPC-specific hr See Table 3-2

Lag time COPC-specific hours/event See Table 3-2

Volatilization Factor VF 0.5 L/m3 Andelman 1990

7
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Table 2-1. Summary of Exposure Assumptions Used to Calculate Drinking Water Intake for CTUIR
Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source

Andelman, 1990, Total Exposure to Volatile Organic Chemicals in Potable Water.

ECF-200P01-09-2027, Calculation of Exposure Point Concentrations for the 200-PO-1 Groundwater Operable Unit.

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for
Dermal Risk Assessment).

Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

Harris and Harper, 2004, Exposure Scenario for the CTUIR Traditional Subsistence Lifeways.
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Table 2-2. Summary of Exposure Assumptions Used to Calculate Drinking Water Intake for Yakama Nation
Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source

Averaging Time - Carcinogens and noncarcinogens AT 70 yr Ridolfi 2007

Partitioning constant derived by Bunge Model B COPC-specific unitless See Table 3-2

Body Weight - adult BWa 70 kg Ridolfi 2007

Body Weight - child BWc 16 kg Ridolfi 2007

Conversion Factor CF1 365 days/yr 1 year = 365 days/year

Conversion Factor CF2 1/24 day/hr 1 day= 24 hr

Conversion Factor CF3 0.001 L/cm3  1 L = 1,000 cm3

Cancer Slope Factor - oral CSFo COPC-specific (mg/kg-day)-' See Table 3-2

Chronic daily intake - nonradiological ingestion CDI Calculated value mg/kg-day Equation 7 and 10

Chronic daily intake - radiological ingestion CDI Calculated value pCi Equation 12

Chronic daily intake - carcinogen inhalation CDI Calculated value p1g/M 3  Equation 15

Chronic daily intake - noncarcinogen inhalation CDI Calculated value mg/m3  Equation 17

Chronic daily intake - radiological inhalation CDI Calculated value pCi Equation 19

Chronic daily intake - nonradiological dermal CDI Calculated value mg/kg-day Equation 23 and 26

Contaminant concentration in groundwater Cw COPC-specific mg/L or pCi/L ECF-200P01-09-2027

Absorbed dose per event DAevent Calculated value mg/cm2-event Equation 29, 30, and 31

Exposure Duration - adult EDa 70 yr Ridolfi 2007

Exposure Duration - child EDc 6 yr Ridolfi 2007

Exposure Frequency EF 365 days/yr Ridolfi 2007

Exposure time - adult ETa 0.58 hours/day EPA/540/R/99/005

Exposure time - child ETc 1 hours/day EPA/540/R/99/005

Age-Adjusted Exposure Time ETadj 0.616 hours/day Equation 21 and 28

Event frequency - adult EVa 1 event/day EPA/540/R/99/005

9

|



ECF-200PO1 -09-2115 REV 2

Table 2-2. Summary of Exposure Assumptions Used to Calculate Drinking Water Intake for Yakama Nation
Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source
Event frequency - child EVc 1 event/day EPA/540/R/99/005

Fraction of absorbed water FA COPC-specific unitless See Table 3-2

Gastrointestinal absorption factor GIABS COPC-specific unitless See Table 3-2

Age-Adjusted Inhalation Rate - radiological INHRADadj 1,760 m3-yr/day Equation 20

Inhalation rate - adult INHa 26 m3/day Ridolfi 2007

Inhalation rate - child INHc 16 m3/day Ridolfi 2007

Water Ingestion Rate - adult IRWa 4 L/day Ridolfi 2007

Age-adjusted water ingestion rate - nonradiological IRWadj 4.407 L-yr/kg-day Equation 8

Water Ingestion Rate - child IRWc 2 L/day Ridolfi 2007

Age-adjusted water ingestion rate - radiological IRWRADadj 262 L-yr/day Equation 13

Inhalation Unit Risk IUR COPC-specific (ug/m3) 1  See Table 3-2

Dermal permeability coefficient Kp COPC-specific cm/hr See Table 3-2

The constant pi 71 3.14159 unitless EPA/540/R/99/005

Reference Concentration RfC COPC-specific mg/M3  See Table 3-2

Reference Dose - oral RfDo COPC-specific mg/kg-day See Table 3-2

Age-adjusted skin surface area SAadj 18,932 cm 2-yr/kg-day Equation 24

Skin Surface Area - adult SAa 18,000 cm 2  EPA/540/R/99/005

Skin Surface Area - child SAc 6,600 cm 2  EPA/540/R/99/005

Slope Factor - inhalation SFi COPC-specific pCif See Table 3-2

Slope Factor - oral SFo COPC-specific pCi 1  See Table 3-2

Time to reach steady state conditions t* COPC-specific hr See Table 3-2

Lag time T COPC-specific hours/event See Table 3-2

Volatilization Factor VF 0.5 L/m3 Andelman 1990
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Table 2-2. Summary of Exposure Assumptions Used to Calculate Drinking Water Intake for Yakama Nation
Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source

Andelman, 1990, Total Exposure to Volatile Organic Chemicals in Potable Water.

ECF-200P01-09-2027, Calculation of Exposure Point Concentrations for the 200-PO-1 Groundwater Operable Unit.

EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for
Dermal Risk Assessment).

Ridolfi, 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.
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2.4.1.1 Drinking Water Ingestion

The equations used to evaluate drinking water ingestion are as follows.

Carcinogens

For carcinogens, the CDI is calculated with the following equation:

CDI = CwxIRWadj x EF (7)
ATxCF1

where:

IRWadj = EDc x IRWc + (EDa - ED) x IRWa (8)BWc BWa

Cancer risk is calculated as:

RISK = CDI x CSFo (9)
Noncarcinogens

For noncarcinogens, the CDI is calculated with the following equation:

CDI = Cwx1RWa x EF x EDa (10)
BWa x AT x CF1

Noncancer hazard is calculated as:

HQ = CDI(1)

Radionuclides

For radionuclides, the CDI is calculated with the following equation:

CDI = CW x IRW RADadj x EF (12)

where:

IRWRADadj =(EDc x IRWc )+([EDa - EDc] x IRWa) (13)

Radiological cancer risk is calculated as:

RISK = CDI x SFo (14)

2.4.1.2 Drinking Water Inhalation of Volatiles

The equations used to evaluate inhalation of volatiles in drinking water are as follows.

Carcinogens

For carcinogens, the CDI is calculated with the following equation:

12
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CwxEDa xEFxETa xCF2xVFx 1000 pg

CDI =mg
ATxCFI (15)

Cancer risk is calculated as:

RISK = CDI x IUR (16)

Noncarcinogens

For noncarcinogens, the CDI is calculated with the following equation:

CDI = Cwx EDa x EF x ETa x CF2x VF

ATxCF (17)

Noncancer hazard is calculated as:

HQ = (18)

Radionuclides

For radionuclides, the CDI is calculated with the following equation:

CDI =C, x INH _ RADadj x VF x EF x ETadj x CF2 (19)

where:

INH _ RADadj =(EDc x INHc)+([EDa - EDc ] x INHa) (20)

and:

ETadj = (ET, x EDc) +((EDa - EDc)x ETa)
EDa (21)

Radiological cancer risk is calculated as:

RISK = CDIx SFi (22)

2.4.1.3 Drinking Water Dermal Absorption

The equations used to evaluate dermal exposure to contaminants in drinking water are as follows.

Carcinogens

For carcinogens, the CDI is calculated with the following equation:

CDI = DAevent x SAadj x EF (23)
ATxCF1

where:
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EDC x SA x EV (ED, - ED, ) x SAa x EV (24)

cBW BW,

Cancer risk is calculated as:

RISK = CDI x CSFo (25)
GIABS

Noncarcinogens

For noncarcinogens, the CDI is calculated with the following equation:

CDI = DAevent x SAa x EF x EDa x EVa (26)
BWa x ATx CF1

Noncancer hazard is calculated as:

HQ= RJDo x GIABS (27

The exposure time of each event, ET, is calculated for carcinogens and noncarcinogens using the
appropriate age-adjustment factors. For noncarcinogens, the event time is not age-adjusted. For
carcinogens, the age-adjusted exposure event times are calculated as follows:

ETadj = (ETC x ED)+((EDa - EDc)x ETa)
EDa (28)

For organics, the following equations are used to calculate the dermally absorbed dose per event
(DAevent), using the appropriate exposure time as calculated above:

If ET' < t*, then
6 xr xET (9

DAevent =2xFAxKpxCwxCF3x 6xxE
)r

If ETI > t*, then

DAevent =FAxKpxCwxCF3x E+2xrx 1+3B+3B2
1+B (1+B)2

For inorganics, the following steady-state equation is used to estimate DAevent, using the
appropriate exposure time as calculated above:

DAeven, = Kp x Cw x ET x CF3 (31)

Values for the chemical-specific parameters (t*, FA, Kp, z, and B) are obtained from EPA's
dermal risk assessment guidance (EPA/540/R/99/005) and are provided in the attachments listed
in Section 5.

1 ETadj is used in place of ET for the calculation of CDI for carcinogenic COPCs.
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Radionuclides

Dermal exposure to radionuclides in drinking water is not evaluated. As noted in Section 2.2,
EPA does not publish radionuclide cancer slope factors to quantify cancer risk from external or
dermal exposure to radioactive contaminants in water due to the shielding effects of water.

2.5 SWEAT LODGE PATHWAY EQUATIONS AND PARAMETERS

Sweat lodge exposure is evaluated for both the CTUIR and Yakama Nation scenarios for adults
based on an exposure frequency of 365 days/yr over a 68-year exposure duration (first 2 years of
life excluded)2. Although the exposure scenarios provided indicate that childhood sweats occur,
exposure assumptions are only for adults. Exposure factors used to quantify contaminant intake
from sweat lodge exposure are provided in Tables 2-3 and 2-4. Contaminant specific factors are
provided in the calculation attachments listed in Section 5.

2 Child exposure assumptions were not provided for the purpose of evaluating exposure through sweatlodge
use, therefore an adult exposure frequency was assumed to be 68 years.
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Table 2-3. Summary of Exposure Assumptions Used to Calculate Sweat Lodge Intake for CTUIR Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source

Averaging Time - Carcinogens/Noncarcinogensa AT 70/68 yr Harris and Harper 2004

Average Body Weight - adult BW 70 kg Harris and Harper 2004

Conversion Factor CF1 365 days/yr 1 year = 365 days/year

Conversion Factor CF2 0.01 m/cm 1 meter = 100 cm

Conversion Factor CF3 10 L/m2-cm Harris and Harper 2004

Dissolved groundwater concentration Cdw COPC-specific mg/L or pCi/L ECF-200PO-09-2027

Cancer Slope Factor - oral CSFo COPC-specific (mg/kg-day)-' See Table 3-2

Cancer Slope Factor - inhalation CSFi COPC-specific (mg/kg-day)-' See Table 3-2

Exposure duration or number of years a person
sweats in a lifetime - adult ED 68 yr Harris and Harper 2004

Exposure frequency or number of sweats per year EF 365 events/yr Harper and Harris 2004

Length of sweat event - adult? ET 1 hr Harper and Harris 2004

Gastrointestinal absorption factor GIABS COPC-specific unitless See Table 3-2

mg/kg-day or
Inhalation exposure to COPCs in sweat lodge Iinh Calculated value pCi Equation 32, 35, 37 and 40

Total dermal exposure rate for volatile and semi-
volatile compounds Id,total Calculated value mg/kg-day Equation 42 and 47

Intake of COPCs from dermal absorption to liquid
within the sweat lodge Id,I Calculated value mg/kg-day Equation 45

Intake of COPCs from dermal absorption to vapor
within sweat lodge Id,v Calculated value mg/kg-day Equation 46

Inhalation rate - adult IR 25 m3/day Harris 2008

Inhalation Unit Risk IUR COPC-specific (ug/m 3)-1 See Table 3-2

COPC-specific permeability coefficient Kp COPC-specific cm/hr See Table 3-2
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Table 2-3. Summary of Exposure Assumptions Used to Calculate Sweat Lodge Intake for CTUIR Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source

Molecular weight of water MWw 18 g/gmole Harris and Harper 2004

Density of liquid water pw 1,000 g/L Harris and Harper 2004

The constant pi 71 3.14159 unitless Harris and Harper 2004

Radius of sweat lodge r 1 m Harris and Harper 2004

mmHg- Equations 37 and 40, Harris
Ideal Gas Law Constant R 0.06237 m3/mole-K and Harper 2004

mmHg-L/mole- Equation 46, Harris and Harper
Ideal Gas Law Constant R 62.37 K 2004

Reference Concentration RfC COPC-specific mg/M3  See Table 3-2

Reference Dose - inhalation RfDi COPC-specific mg/kg-day See Table 3-2

Reference Dose - oral RfDo COPC-specific mg/kg-day See Table 3-2

Skin Surface Area - adult SA 18,000 cm 2  Harris and Harper 2004

Slope Factor - inhalation SFi COPC-specific pCi' See Table 3-2

Temperature inside the sweat lodgec T 338.7 K Harris and Harper 2004

Cumulative Volume of water used in sweat Vw,total 4 Liters Harris and Harper 2004
a Averaging time of 1 year provided in Harris and Harper (2004) was replaced with 70 years for carcinogens and 68 years for noncarcinogens to
account for lifetime intake rather than annual intake.
b For sweat lodge inhalation exposure, exposure time of 1 hr provided in Harris and Harper (2004) was replaced with 1/24 days/event so that
intake values have appropriate units (mg/kg-day or pCi) when calculated using the inhalation equations provided in Harris and Harper (2004,
Equations 7 and 15).
'Temperature of 389 'K provided in Harris and Harper (2004) (equates to 240 OF) was replaced with 338.7 'K (equates to 150 OF) for
consistency with stated assumption in Harris and Harper (2004) that sweat lodge internal temperature is maintained at 150 OF.
dIdeal gas law of 0.06237 nmlHg-m 3/gmole-K provided in Harris and Harper (2004) was replaced with 62.37 mmHg-L/gmole-K so that intake
values have appropriate units (mg/kg-day) when calculated using the equations provided in Harris and Harper (2004, Equations 15 and 20).
CTUIR = Confederated Tribes of the Umatilla Indian Reservation
Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.
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Table 2-3. Summary of Exposure Assumptions Used to Calculate Sweat Lodge Intake for CTUIR Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.
ECF-200PO 1-09-2027, Calculation of Exposure Point Concentrations for the 200-PO-1 Groundwater Operable Unit.

Table 2-4. Summary of Exposure Assumptions Used to Calculate Sweat Lodge Intake for Yakama Nation
Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source

Averaging Time - Carcinogens/Noncarcinogensa AT 70/68 yr Harris and Harper 2004

Average Body Weight - adult BW 70 kg Harris and Harper 2004

Conversion Factor CF1 365 days/yr 1 year = 365 days/year

Conversion Factor CF2 0.01 m/cm 1 meter = 100 cm

Conversion Factor CF3 10 L/m2-cm Harris and Harper 2004

mg/L or
Dissolved groundwater concentration Cdw COPC-specific pCi/L ECF-200PO1-09-2027

Cancer Slope Factor - oral CSFo COPC-specific (mg/kg-day)' See Table 3-2

Cancer Slope Factor - inhalation CSFi COPC-specific (mg/kg-day)' See Table 3-2

Exposure duration or number of years a person
sweats in a lifetime - adult ED 68 yr Harris and Harper 2004

Exposure frequency or number of sweats per year EF 365 events/yr Harris and Harper 2004

Length of sweat event - adult" ET 2 hour Ridolfi 2007

Gastrointestinal absorption factor GIABS COPC-specific unitless See Table 3-2
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Table 2-4. Summary of Exposure Assumptions Used to Calculate Sweat Lodge Intake for Yakama Nation
Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source

mg/kg-day or

Inhalation exposure to COPCs in sweat lodge Iinh Calculated value pCi Equation 32, 35, 37 and 40

Total dermal exposure rate for volatile and semi-
volatile compounds Id,total Calculated value mg/kg-day Equation 42 and 47

Intake of COPCs from dermal absorption to liquid
within the sweat lodge Id,I Calculated value mg/kg-day Equation 45

Intake of COPCs from dermal absorption to vapor
within sweat lodge Id,v Calculated value mg/kg-day Equation 46

Inhalation rate - adult IR 26 m 3/day Ridolfi 2007

Inhalation Unit Risk IUR COPC-specific (ug/m3)' See Table 3-2

COPC-specific permeability coefficient Kp COPC-specific cm/hr See Table 3-2

Molecular weight of water MWw 18 g/gmole Harris and Harper 2004

Density of liquid water pw 1,000 g/L Harris and Harper 2004

The constant pi 7t 3.14159 unitless Harris and Harper 2004

Radius of sweat lodge r 1 m Harris and Harper 2004

mmHg- Equations 37 and 40, Harris

Ideal Gas Law Constant R 0.06237 m 3/mole-K and Harper 2004

mmHg- Equation 46, Harris and Harper

Ideal Gas Law Constantd R 62.37 m 3/mole-K 2004

Reference Concentration RfC COPC-specific mg/M 3  See Table 3-2

Reference Dose - inhalation RfDi COPC-specific mg/kg-day See Table 3-2

Reference Dose - oral Rflo COPC-specific mg/kg-day See Table 3-2

Skin Surface Area - adult SA 18,000 CM 2 Harris and Harper 2004
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Table 2-4. Summary of Exposure Assumptions Used to Calculate Sweat Lodge Intake for Yakama Nation
Scenario.

Exposure Route/Exposure Factor Symbol Value Units Source

Slope Factor - inhalation SFi COPC-specific pCi' See Table 3-2

Temperature inside the sweat lodgec T 338.7 K Harris and Harper 2004

Cumulative Volume of water used in sweat Vw,total 4 Liters Harris and Harper 2004
a Averaging time of 1 year provided in Harris and Harper (2004) was replaced with 70 years for carcinogens and 68 years for noncarcinogens
to account for lifetime intake rather than annual intake.
b For sweat lodge inhalation exposure, exposure time of 2 hr provided in Ridolfi (2007) was replaced with 2/24 days/event so that intake values
have appropriate units (mg/kg-day or pCi) when calculated using the inhalation equations provided in Harris and Harper (2004, Equations 7
and 15).
C Temperature of 389 'K provided in Harris and Harper (2004) (equates to 240 'F) was replaced with 338.7 'K (equates to 150 'F) for
consistency with stated assumption in Harris and Harper (2004) that sweat lodge internal temperature is maintained at 150 'F.
dldeal gas law of 0.06237 mmHg-m 3/gmole-K provided in Harris and Harper (2004) was replaced with 62.37 mmHg-L/gmole-K so that intake
values have appropriate units (mg/kg-day) when calculated using the equations provided in Harris and Harper (2004, Equations 15 and 20).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
ECF-200PO1-09-2027, Calculation of Exposure Point Concentrations for the 200-PO-1 Groundwater Operable Unit.

Ridolfi, 2007, Yakama Nation Exposure Scenariofor Hanford Site Risk Assessment.
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2.5.1 Inhalation in Sweat Lodge

The equations used to calculate contaminant intake from inhalation of water vapor and aerosols
during sweat lodge use are based on the sweat lodge exposure model presented in Appendix 4 of
Harris and Harper (2004).

2.5.1.1 Volatile and Semi-Volatile Compounds

Inhalation intake of volatile and semivolatile contaminants in sweat lodge vapor is calculated
with the following equation (Harris and Harper 2004, Appendix 4, Equation 7) 3.

Cdw x w,ttal x IR x ET x EF x ED

Iinh =- (32)
BWxATxCFI

Carcinogens

For carcinogens, the cancer risk is calculated as:

RISK = CSF1 x Iinh (33)

Noncarcinogens

For noncarcinogens, the noncancer hazard is calculated as:

HQ = 1x Iinh (34)RjDi

Radionuclides

Inhalation intake of volatile radionuclides in sweat lodge vapor is calculated with the following
equation (modified for pCi/L groundwater concentration units and inhalation slope factors from
Harris and Harper 2004, Appendix 4, Equation 7):

Iinh =Cdw x ( JXa x xIRxETxEFxED (35)
2 ) 2 .) x-r3

Radiological cancer risk is calculated as:

RISKrad = SFi x linh (36)

2.5.1.2 Nonvolatile Compounds

Inhalation intake of aerosolized nonvolatile contaminants in a sweat lodge is calculated with the
following equation (Harris and Harper 2004, Appendix 4, Equation 15):

3 Harris and Harper (2004, Appendix 4) indicates water concentration (CdW) is "dissolved surface water
concentration of the COPC (mg/L); calculated according to EPA 1998a, Appendix B." However, for this
evaluation COPC exposure point concentrations reflect total concentrations in groundwater.
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Iinh IR-ET-EF-ED xCd(.x MWw EX' 18.3036 _ 3816.44
BW-AT-CF1 ) R.T.p) T-46.13)

Carcinogens

For carcinogens the cancer risk is calculated as:

RISK = CSFi x linh(38)

Noncarcinogens

For noncarcinogens, the noncancer hazard is calculated as:

HQ = XIinh (39)

Radionuclides

Inhalation intake of aerosolized nonvolatile radionuclides in a sweat lodge is calculated with the
following equation (modified for pCi/L groundwater concentration units and inhalation slope
factors from Harris and Harper 2004, Appendix 4, Equation 15):

Iinh =(IR x ET x EF x ED)x Cdwx R MW, xEXP(18.3036- 3816.44
(R*Tpw) T -46.13 (0

Radiological cancer risk is calculated as:

RISKrad = SFi x Iinh (41)

2.5.1.3 Dermal Exposure in Sweat Lodge

The equations used to calculate contaminant intake from dermal contact with water vapor and
aqueous condensate during sweat lodge use are based on the sweat lodge exposure model
presented in Appendix 4 of Harris and Harper (2004).

2.5.1.4 Volatile and Semi-Volatile Compounds

For volatile and semivolatile compounds, the Harris and Harper (2004) model assumes 100%
volatilization within the sweat lodge. Hence, vapor exposure is the primary exposure pathway
and exposure from condensed water is considered incomplete.

Exposure from dermal contact with volatile and semivolatile contaminants in sweat lodge vapor
is calculated with the following equation (Harris and Harper 2004, Appendix 4, Equation 18):

Cdwx Vw,total X 1 3 
x SAxKpxETxEFxEDxCF2

Id,total =Id,v = 2Bx ATx CF1 (42)

Carcinogens

For carcinogens, the cancer risk is calculated as:
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RISK = GS x Id,total (43)

Noncarcinogens

For noncarcinogens, the noncancer hazard is calculated as:

HQ = RfDO xIGIABS x Idtotal

Radionuclides
Dermal exposure to radionuclides in a sweat lodge is not evaluated because radionuclide cancer
slope factors are not published to quantify cancer risk from external or dermal exposure to
radioactive contaminants in water.

2.5.1.5 Nonvolatile Compounds

In the Harris and Harper (2004) model, total dermal intake of nonvolatile contaminants is
calculated as the sum of intakes from dermal exposure to vapors and aqueous condensate. For
condensed liquid, the model assumes nonvolatile contaminant concentrations in the condensed
water are equal to that of the water added to the heated rocks. Intake from dermal contact with
non-volatile compounds in sweat lodge condensed liquid is calculated with the following
equation (Harris and Harper 2004, Appendix 4, Equation 19):

Idj Cdw x SA x Kp x ET x EF x ED x CF3 (45)
BWxATxCF1

Intake from dermal contact with non-volatile compounds in sweat lodge vapor is calculated with
the following equation (Harris and Harper 2004, Appendix 4, Equation 20):

Id,v = SA x Kp x ET x EF x ED x CF Cdw( MW .
BWxATxCF RxTxpw) (46)

...EX 4 18.3036 - 3816.443
T -46.13)

The total dermal exposure for nonvolatile compounds in a sweat lodge is calculated with the
following equation (Harris and Harper 2004, Appendix 4, Equation 21):

'd,total =d,v +Idl (47)

Carcinogens

For carcinogens, the cancer risk is calculated as:

RISK = CSF x 'd,total (48)
GIABS

Noncarcinogens

For noncarcinogens, the noncancer hazard is calculated as:
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HQ = RJDO x GIABS x Id,total (49)

Radionuclides
Dermal exposure to radionuclides in a sweat lodge is not evaluated because radionuclide cancer
slope factors are not published to quantify cancer risk from external or dermal exposure to
radioactive contaminants in water.

3.0 ASSUMPTIONS AND INPUTS

Assumptions and inputs associated with the exposure scenarios, groundwater COPCs and
associated exposure point concentrations (EPCs), and human health toxicity values used in the
CTUIR and Yakama Nation human health risk calculations are described below.

3.1 EXPOSURE SCENARIOS

For domestic use of groundwater as a drinking water supply, EPA considers the inhalation
pathway potentially complete only for volatile contaminants because there is no mechanism for
release of nonvolatile chemicals into the air in significant concentrations (EPA/540/R-92/003).
For tap water exposures, inhalation intake is quantified only for volatile contaminants. A
contaminant is considered volatile if it meets EPA's working definition of a volatile, which is a
chemical having a Henry's Law constant greater than 1 x 10- atm-m3/mole and a molecular
weight less than 200 g/mole (EPA/540/R-92/003). The COPCs in the 200-PO-1 Groundwater
OU that meet the EPA working definition of volatile are 1,1 -dichloroethane, 1,1,1 -
trichloroethane, 1,1-dichloroethene, 1,2-dichlorobennzene, 1,4-dichlorobenzene, 2-butanone, 4-
methyl-2-pentanone, acetone, carbon disulfide, carbon tetrachloride, chloroform, methylene
chloride, tetrachloroethene, toluene, trichloroethene, trichloromonofluoromethane, and tritium.
An upper-bound volatilization factor (VF) of 0.5 L/m3 (Andelman 1990) is used to represent the
volatilization of contaminants from household water uses (EPA/540/R-92/003).

Dermal exposure to contaminants in drinking water is evaluated using the methods presented in
EPA's dermal risk assessment guidance (EPA/540/R/99/005). For dermal exposure during
bathing and showering, the nonsteady-state (i.e., when the chemical is only in the outermost layer
of the epidermis) model or pseudo-steady-state model is used to estimate the dermally absorbed
dose per event for organic contaminants (EPA/540/R/99/005). If the exposure time (or event
time, ET) is shorter than the time to reach steady state (i.e., when the chemical has been absorbed
into the viable epidermis [t*]), the nonsteady-state model is used. If ET is greater than t*, the
pseudo-steady-state model is used. For inorganics, the absorbed dose is calculated using a
steady-state approach.

Dermal exposure to radionuclides in drinking water is not evaluated. As noted in Section 2.2,
EPA does not publish radionuclide cancer slope factors to quantify cancer risk from external or
dermal exposure to radioactive contaminants in water due to the shielding effects of water.

For the sweat lodge scenario, an exposure time of 1 hr/event is used for the CTUIR based on
Harris and Harper (2004). For the Yakama Nation, an exposure time of 2 hr/event is used. In the
Yakama Nation exposure document (Ridolfi 2007), 7 hr/day is the recommended sweat lodge
exposure time based on the maximum value reported in a tribal survey. The average reported
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Yakama Nation value is 5 hr/week. The maximum exposure time of seven hours for sweat lodge
use has the potential to overestimate the time budgeted for this activity and has the potential to
underestimate the time budgeted to conduct the remaining lifeway activities described in the
Yakama Nation document (Ridolfi 2007). For purposes of this calculation, a value of 14 hr/week
(2 hr/event) is assumed. The Yakama Nation document (Ridolfi 2007) did not provide intake
equations for exposures related to sweat lodge use, therefore equations provided by Harris and

Harper (2004) were used for this purpose.

The sweat lodge scenario assumes 4 liters of groundwater is poured over hot rocks to make steam
in a hemispherical sweat lodge with a radius of 1 m (Harris and Harper 2004). The internal
temperature of the sweat lodge is assumed to be maintained at a constant 150 degrees Fahrenheit
(Harris and Harper 2004). This scenario creates a unique environment where volatile,
semivolatile, and nonvolatile COPCs could potentially be present in the air and available for
inhalation and dermal exposure. Harris and Harper (2004) describe a method for calculating a
vaporization factor for the sweat lodge scenario. The vaporization factor is applied to the
groundwater concentration to estimate COPC concentrations in sweat lodge steam. Ridolfi
(2007) does not specify a method for estimating COPC concentrations in sweat lodge steam;

therefore, the Harris and Harper (2004) steam model is used for both the CTUIR and Yakama
Nation intake calculations.

Harris and Harper (2004) recommend different methods for calculating vaporization factors for
volatile and semivolatile COPCs versus nonvolatile COPCs. For volatile and semivolatile

COPCs, the model assumes 100 percent volatilization throughout the sweat; hence, dermal

exposure to condensed water is considered incomplete and volatile and semivolatile COPCs
(including tritium) are evaluated only for intake via inhalation and dermal absorption from the

vapor phase. For nonvolatile COPCs, the model assumes the COPCs become airborne as an

aerosol, and that once airborne, the COPCs can deposit onto the skin surface as aqueous
condensate. Nonvolatile COPC intake is assumed to occur via inhalation from the vapor phase
and dermal absorption from both the vapor and liquid phases. The Harris and Harper (2004)

model assumes the concentration of nonvolatiles in condensed water is equal to the concentration
in the water used to create steam.

Dermal exposure to radionuclides in a sweat lodge is not evaluated because radionuclide cancer

slope factors are not published to quantify cancer risk from external or dermal exposure to
radioactive contaminants in water.

3.2 GROUNDWATER CONTAMINANTS OF POTENTIAL CONCERN AND
EXPOSURE POINT CONCENTRATIONS

The COPCs used for this environmental calculation were selected by applying an initial screening
step to the 200-PO-1 Groundwater OU analytical data set as described in Contaminant of
Potential Concern Selection for the 200-PO-1 Groundwater Operable Unit (ECF-200PO 1-09-
2018). For this evaluation, comparisons to action levels were not made; any analyte in the
(processed) combined 200-PO-1 Groundwater Area data set with at least one reported detection
in either the 5-year or the 10-year data set was identified as a COPC and assessed in the risk
calculations. The EPCs associated with each COPC are the 95UCL groundwater concentration
values calculated from the 200-PO-1 Groundwater OU analytical data set as described in

Calculation of Exposure Point Concentrations for the 200-PO-1 Groundwater Operable Unit

(ECF-200PO1-09-2027). The COPCs and associated EPCs for the 5-year data set are presented

25



ECF-200P01-09-2115 REV 2

in Table 3-1. The COPCs and associated EPCs for the 10-year data set are presented in Table 3-1
for comparison purposes only.

Table 3-1. 200-PO-1 Groundwater Operable Unit Contaminants of Potential Concern
and Exposure Point Concentrations

5-Year Data Set 10-Year Data Set

Near- Far- Near- Far-
Field Field River Field Field
EPCb EPCb EPCb EPCb EPCb River

(pig/L) (pig/L) (pig/L) (pig/L) (pig/L) EPCb
Detected or or or or or (pg/L) or

Analyte/COPCa (pCi/L) pCi/L) pCi/L) (pCi/L) (pCI/L) pCi/L)

(m+p)-Xylene -- -- -- - 0.50 --

1,1,1-Trichloroethane -- 0.69 -- -- 1.2 --

1,1-Dichloroethane -- 0.26 -- -- 0.39 --

1,1-Dichloroethene -- 0.17 -- -- 0.16 --

1,2,3,4,6,7,8- 3.73E-
Heptachlorodibenzodioxin 06 -- -- 3.73E-06 -- --

1,2,3,4,6,7,8- 5.66E-
Heptachlorodibenzofuran 06 -- - 5.60E-06 -- -

1,2,3,4,7,8- 2.90E-
Hexachlorodibenzofuran 06 - - 2.90E-06 - --

1,2,3,6,7,8- 2.10E-
Hexachlorodibenzofuran 06 - - 2.1OE-06 - -

1,2-Dichlorobenzene -- 3.0 - -- 3.0 --

1,2-Dichloroethane 0.64 -- - 0.64 0.31 -

1,4-Dichlorobenzene -- 0.13 - -- 0.13 -

1,4-Dioxane -- 8.1 -- -- 8.1 --

2,3,4,6-Tetrachlorophenol 7.7 -- - 7.7 -- -

2-Butanone -- 0.55 -- -- 2.9 -

2-Methylphenol (cresol, o-) - - -- 7.5 -- -

2-Pentanone, 4-Methyl - 0.64 - - 0.64 -

4-Nitrophenol - -- -- 7.2 -- --

Acetone -- 1.5 1.1 -- 1.3 1.1

Aluminum 47 -- -- 112 42 --

Arsenic 5.8 3.1 5.8 5.8 3.1 5.8

Barium 53 73 49 53 68 49

Benzene -- -- -- -- 1.9 --
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Table 3-1. 200-PO-1 Groundwater Operable Unit Contaminants of Potential Concern
and Exposure Point Concentrations

5-Year Data Set 10-Year Data Set

Near- Far- Near- Far-
Field Field River Field Field
EPC' EPC' EPC' EPC' EPC' River
(pg/L) (pg/L) (pg/L) (pg/L) (pg/L) EPCb

Detected or or or or or (pg/L) or
Analyte/COPCO (pCi/L) pCi/L) pCi/L) (pCI/L) (pCiIL) pCi/L)

Benzyl alcohol -- -- -- - 2.7 --

Beryllium 0.34 -- -- 0.34 0.36 --

Bis(2-ethylhexyl) phthalate 11 1.0 -- 11 1.3 -

Cadmium 2.7 4.5 -- 18 4.5 --

Carbon disulfide -- 0.21 - - 0.39 -

Carbon tetrachloride 0.28 0.17 0.27 1.8 0.16 0.28

Carbon-14 - - - - 15 -

Chloride 12,623 9,970 11,373 11,440 9,821 12,545

Chlorobenzene -- -- - - 0.41 -

Chloroform 0.38 0.21 0.81 0.38 0.22 2.3

Chromium 15 9.5 10.0 16 7.5 14

cis- 1,2-Dichloroethylene - - - -- 0.20 -

Cobalt 4.5 - - 4.4 -

Copper 4.4 4.9 6.0 4.5 3.0 6.0

Dinoseb(2-secButyl-4,6-
dinitrophenol) - - -- 5.5 - -

Fluoride 294 301 287 317 329 306

Gross alpha 5.3 6.4 2.4 4.9 6.0 2.8

Gross beta - 32 31 - 27 22

Hexavalent Chromium 191 - -- 191 - -

lodine-129 2.7 2.0 - 3.2 1.8 -

Iron 90 121 611 144 473 611

Lead 1.5 0.58 0.68 1.4 0.71 0.66

Lithium -- - - - 8.3 --

Manganese 6.2 16 42 9.6 11 41

Methanol - - - - 1,100 -

Methylene chloride - 2.1 - - 0.85 -
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Table 3-1. 200-PO-1 Groundwater Operable Unit Contaminants of Potential Concern
and Exposure Point Concentrations

5-Year Data Set 10-Year Data Set

Near- Far- Near- Far-
Field Field River Field Field
EPCb EPC EPCb EPCb EPCb River

(pg/L) (pg/L) (ig/L) (pg/L) (pgIL) EPCb
Detected or or or or or (pg/L) or

Analyte/COPCa (pCI/L) pCi/L) pCi/L) (pCi/L) (pCiIL) pCI/L)

Molybdenum -- -- -- 1.5 --

Nickel 12 6.0 5.6 11 3.6 5.6

Nickel-63 -- 4.1 -- -- 7.7 --

Nitrate 34,098 23,864 28,582 31,205 23,757 28,952

Nitrite 57 82 460 34 79 460

Nitrogen in Nitrite and Nitrate 14,700 -- -- 14,700 -- --

9.96E-
Octachlorodibenzofuran 06 - - 9.96E-06 - --

5.81E-
Octachlorodibenzo-p-dioxin 06 - - 5.69E-06 - -

o-Xylene - - - -- 0.21 -

Plutonium-239/240 0.029 - - 0.029 --

Protactinium-231 0.28 0.31 - 0.28 0.31 -

Silver 5.7 5.8 -- 5.7 5.3 --

Strontium 269 384 390 265 364 390

Strontium-90 4.3 0.61 2.6 4.6 0.61 2.6

Sulfate 64,094 45,031 42,560 56,164 45,070 41,899

Technetium-99 1,667 94 121 1,568 76 115

Tetrachloroethene -- 0.87 -- -- 0.99 --

Thallium -- -- 0.37 -- -- 0.37

Toluene 0.036 - - 0.065 0.27 --

Total petroleum
hydrocarbons - gasoline
range 50 -- - 50 -- --

Tributyl phosphate -- 12 - - 41 -

Trichloroethene 0.56 0.43 - 0.57 0.49 --

Trichloromonofluoromethane -- 0.58 -- -- 0.58 --

Tritium 156,901 264,107 70,724 192,558 497,900 59,534
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Table 3-1. 200-PO-1 Groundwater Operable Unit Contaminants of Potential Concern
and Exposure Point Concentrations

5-Year Data Set 10-Year Data Set

Near- Far- Near- Far-
Field Field River Field Field
EPCb EPCb EPCb EPCb EPCb River
(pg/L) (p gIL) (pg/l) (pg/L) (pg/L) EPCb

Detected or or or or or (pg/L) or
Analyte/COPCa (pCi/L) pCi/L) pCi/L) (pCilL) (pCi/L) pCi/L)

Uranium 20 17 5.6 15 16 5.5

Vanadium 22 13 17 22 13 17

Vinyl chloride -- -- -- -- 1.8 --

Zinc 96 69 6.7 92 109 6.7

a Source = ECF-200PO 1-09-2018, Contaminant of Potential Concern Selection for the 200-
PO-1 Groundwater Operable Unit.

b Source = ECF-200PO 1-09-2027, Calculation of Exposure Point Concentrations for the
200-PO-1 Groundwater Operable Unit.

COPC = contaminant of potential concern.

EPC = exposure point concentration.

3.3 TOXICITY VALUES

The toxicity criteria used for the Native American human health risk calculations are provided in
Table 3-2. The sources for these criteria are discussed below.

3.3.1 Toxicity Values for Nonradionuclides

For nonradionuclides, the COPC-specific toxicity values shown in Table 3-2 are determined
using the recommended reference hierarchy as described in Cook, 2003, Human Health Toxicity
Values in Superfund Risk Assessments. The hierarchy is summarized below.

* Tier 1 - The EPA Integrated Risk Information System (IRIS)

* Tier 2 - The EPA Provisional Peer Reviewed Toxicity Values (PPRTVs)

* Tier 3 - Other Toxicity Values

Tier 1 - IRIS
The preferred source of toxicity data is EPA's IRIS database
(http://www.epa.gov/iris/index.html). Expert toxicologists at EPA have derived the values in this
database and most values have undergone a thorough review and validation both within and
outside EPA. If a toxicity value is available in IRIS, that value is used in preference to any other
value.

Tier 2 - PPRTVs
If a toxicity value is not available in IRIS, the next source is EPA's PPRTVs. This source
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includes toxicity values that have been developed by the Office of Research and
Development/National Center for Environmental Assessment/Superfund Health Risk Technical
Support Center (STSC). This database is not available to the general public, but is accessible to
EPA risk assessors via EPA's intranet. These values are also published at the EPA's "Regional
Screening Levels for Chemical Contaminants at Superfund Sites" website at
http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/index.htm.

Tier 3 - Other Toxicity Values
Tier 3 includes additional EPA and non-EPA sources of toxicity information, including:

* The California EPA (CalEPA)'s Toxicity Criteria Database contains toxicity values that
are peer reviewed and address both cancer and non-cancer effects.

0 The Agency for Toxic Substances and Disease Registry (ATSDR)'s Minimal Risk Levels
(RMLs) for Hazard Substances are peer-reviewed estimates of the daily human exposure
to hazardous substances that is likely to be without appreciable risk of adverse non-
cancer health effects over a specified duration of exposure.

* Toxicity values in EPA's Health Effects Assessment summary Tables (HEAST)
(EPA/540/R-97/036, July 1997). The HEAST values for chemical contaminants are not
currently available on an EPA internet site.

When Tier 1, Tier 2, or Tier 3 toxicity values are not available for a COPC, the toxicity values
from the National Center for Environmental Assessment (NCEA) are used. NCEA values can be
found in the Oak Ridge National Laboratory Risk Assessment Information System (RAIS)
available at http://rais.ornl.gov/.

A derived RfD for nitrate was calculated from the RfD reported in IRIS (1.6 mg/kg-day) for
nitrate as nitrogen (N0 3--N) using the mass fraction of nitrogen in nitrate. The mass fraction of
nitrogen in nitrate = mol wt N/mol wt N0 3 = (14 g/mol)/(62 g/mol)= 0.226. The derived RfD
for nitrate = (1.6 mg NO3-N/kg-day) x (1 mg N0 3/0.226 mg NO 3_-N) = 7.1 mg NO3-/kg-day.

A derived RfD for nitrite was calculated from the RfD reported in IRIS (0.1 mg/kg-day) for
nitrite as nitrogen (NO2-N) using the mass fraction of nitrogen in nitrite. The mass fraction of
nitrogen in nitrite = mol wt N/mol wt NO2- = (14 g/mol)/(46 g/mol) 0.304. The derived RfD for
nitrite = (0.1 mg NO2-N /kg-day) x (1 mg N0 2 /0.304 mg NO2-N)= 0.3 mg NO2/kg-day.

For several nonradionuclide COPCs, the toxicity value used was obtained from a different source
than recommended by the EPA Superfund hierarchy (Cook 2003). The differences in toxicity
values are summarized below.

* For trichloroethene, the oral cancer slope factor of 0.089 (mg/kg-day)- published in
HEAST is used for this assessment. HEAST has not been updated since 1997 and does
not reflect the most current source of information. The oral cancer slope factor currently
implemented by EPA in the Regional Screening Levels is established by the CalEPA
OEHHA. The oral slope factor derived by OEHHA is 0.0059 (mg/kg-day)-l as presented
in OEHHA, 2009, Public Health Goalfor Chemicals In Drinking Water
Trichloroethylene. Use of the HEAST value in this assessment has the potential to over-
estimate cancer risk.

* For fluoride, the oral reference dose of 0.06 mg/kg-day published on IRIS is used for this
assessment. The value reported on IRIS has not been updated since 1989 and does not
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reflect the most current source of information. The oral reference dose currently
implemented by EPA in the Regional Screening Levels is established by the CalEPA
OEHHA. The oral reference dose derived by OEHHA is 0.04 mg/kg-day as documented
in OEHHA, 2003, Chronic Toxicity Summary: Fluorides including Hydrogen Fluoride.
Use of the IRIS value in this assessment has the potential to under-estimate noncancer
hazards.

" For hexavalent chromium, the current assessment considers cancer effects only for
inhalation exposures. An oral cancer slope factor has recently been published by the
New Jersey Department of Environmental Protection (NJDEP). The oral cancer slope
factor derived by NJDEP is 0.5 (mg/kg-day)-', as presented in NJDEP, 2009, Derivation
of an Ingestion-Based Soil Remediation Criterion for Cr+6 Based on the NTP Chronic
Bioassay Data for Sodium Dichromate Dihydrate. Assessing only inhalation cancer
effects from hexavalent chromium has the potential to under-estimate cancer risk.

* For consistency with previous Hanford analyses of carbon tetrachloride, the toxicity
assessment uses an oral cancer slope factor of 0.13 (mg/kg-day)-1, an oral reference dose
of 0.0007 (mg/kg-day), and an inhalation unit risk factor of 1.5E-05 (ptg/m 3)-' previously
published in IRIS, as well as the inhalation reference concentration of 0.19 (mg/m3)
published by ATSDR. These values do not reflect the most current toxicity values
published for carbon tetrachloride. The oral cancer slope factor of 0.07 (mg/kg-day)-',
oral reference dose of 0.004 (mg/kg-day), inhalation unit risk of 6E-06 (pg/m 3)-', and
inhalation reference concentration of 0.1 (mg/m3) for carbon tetrachloride is currently
implemented by EPA in the Regional Screening Levels (EPA, 2009) and are established
by IRIS. Use of the previous IRIS values in this assessment has the potential to over-
estimate both cancer risks and noncancer hazards.

* For 1,1 -dichloroethane, the oral reference dose of 0.2 mg/kg-day published by the
PPRTV and inhalation reference concentration of 0.7 mg/m3 published by HEAST (EPA
540-R-97-036) are used for this assessment. Both an oral carcinogenic potency factor
and inhalation unit risk have recently been published by the CalEPA OEHHA. The oral
carcinogenic potency factor derived by OEHHA is 0.0057 (mg/kg-day)-', and the
inhalation unit risk derived by OEHHA is 1.6E-06 (pg/m3)-', as presented in OEHHA,
2003, Public Health Goals for Chemicals in Drinking Water: 1,I -Dichloroethane in
Drinking Water. Use of the PPRTV and HEAST values in this assessment has the
potential to under-estimate cancer risk.

3.3.2 Toxicity Values for Radionuclides

The cancer slope factors shown in Table 3-2 were obtained online from EPA's Health Effects
Summary Tables (HEAST) - Radionuclide Table (formerly Table 4)
(http://www.epa.gov/radiation/heast/). The HEAST values were developed by EPA's Office of
Radiation and Indoor Air (ORIA) based on Federal Guidance Report No. 13, EPA 402-R-99-001,
1999, Cancer Risk Coefficients for Environmental Exposure to Radionuclides. The HEAST
values are referenced in EPA/540-R-00-006, 2000, Soil Screening Guidance for Radionuclides:
Technical Background Document and EPA/540-R-00-007, 2000, Soil Screening Guidance for
Radionuclides: User's Guide, and have been adopted by EPA in its "Preliminary Remediation
Goals for Radionuclides" online calculator tool (http://rais.ornl.gov/rad start.shtml).
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3.3.3 Toxicity Values for Sweat Lodge
Equations

EPA has recently published guidance to address chemical inhalation exposures in EPA-540-R-
070-002, 2009, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation
Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment). RAGS Part F provides
a methodology to use the toxicity values which are currently derived by the EPA IRIS as
concentrations, reference concentrations [RfC] for non-cancer effects and inhalation unit risk
values [IUR] for cancer endpoints. These values now supersede the intake-based approach used
by the inhalation component of RAGS Part A. The method described in Harris and Harper
(2004) for inhalation of nonradionuclide COPCs in sweat lodge vapor follows EPA's former
approach of quantifying intake. Therefore, in the sweat lodge pathway calculations, current IUR
and RfC values from EPA's toxicity tables are converted to SFj and RfDi values following EPA
RAGS Part A protocol (EPA/540/1-89/002) using the following equations based on an assumed
breathing rate of 20 m3/day and body weight of 70 kg.

SFj (kg-day/mg)= IUR (m3/ptg) x 1/20 (m3/day) x 70 (kg) x 1000 (gg/mg) (50)

RfDj (mg/kg-day) = RfC (mg/rn3 ) x 20 (m3/day) x 1/70 (kg) (51)

The SFj and RfDj values are used to calculate inhalation cancer risks and non-cancer hazards,
respectively. For inhalation of radionuclides in sweat lodge vapor, no toxicity factor conversions
are necessary. Sweat lodge radiological risk is calculated by quantifying inhalation intake (pCi)
and then multiplying by the EPA inhalation slope factor (risk/pCi).
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Table 3-2. Toxicity Criteria for 200-PO-1 Groundwater Operable Unit Contaminants of Potential Concern'

Inhalation
Oral Cancer

Cancer Slope
Slope Factor
Factor (CSFI)d

Oral (CSF.) (kg-
R rne(mg/kg- daymg) or Inhalation

Reference day)" 1 or Inhalation Inhalation Inhalation Reference
Dose Oral Slope Unitik Slope Reference Dose
DoFactor Unit Risk Factor Concentration (RfDi)* Volatile GIABS

(mg/kg- (SF) C (IUR (SFi) (RfC) (mg/kg- Nonradonuclides Nonradionuclides'b Kp T ft*
COPCO day) Key (RiskpCi) Key (pglm )1 Key (RiskpCi) (mg/m) Key day) Radionuclides Radlonuclides (cmhour) B (hourslevent) (hours) FA

(m+p)-Xylene 2.OOE-01 I - - - - - 7.OOE-01 C 2.OOE-01 V 1 0.053 0.2 0.42 1.01 1

1,1,1-Trichoroethane 2.OOE+00 I - - - - - 5.OOE+00 1 1.43E+00 V 1 0.013 0.1 0.6 1.43 1

1,1-Dichloroethane 2.OOE-01 P - - - - - 7.OOE-01 H 2.OOE-01 V 1 0.0067 0 0.38 0.92 1

1,1-Dichoroethene 5.00E-02 I - - - - -- 2.00E-01 1 5.71E-02 V 1 0.012 0 0.37 0.89 1

1,2,3,4,6,7,8- - - 1.30E+03 WHO 3.80E-01 WHO 1.33E+03 - - - - 1 - - - - -

Heptachlorodibenzodioxin

1,2,3,4,6,7,8- - - 1.30E+03 WHO 3.80E-01 WHO 1.33E+03 - - - - 1 1.45 - -

Heptachlorodibenzofuran'

1,2,3,4,7,8- - - 1.30E+04 WHO 3.80E+00 WHO 1.33E+04 - - - - 1 2.25 - - -

Hexachlorodibenzofuran'

1,2,3,6,7,8- - - 1.30E+04 WHO 3.80E+00 WHO 1.33E+04 - - - - 1 2.25 -

Hexachlorodibenzofuran'

1,2-Dichlorobenzene 9.OOE-02 I - - - - - 2.OOE-01 H 5.71E-02 V 1 0.041 0.2 0.71 1.71 1

1,2-Dichoroethane 2.OOE-02 P 9.10E-02 I 2.60E-05 I 9.10E-02 2.40E+00 A 6.86E-01 V 1 0.0042 0 0.38 0.92 1

1,4-Dichlorobenzene 7.OOE-02 A 5.40E-03 C 1.10E-05 C 3.85E-02 8.OOE-01 I 2.29E-01 V 1 0.042 0.2 0.71 1.71 1

1,4-Dioxane 1.OOE-01 A 1.10E-02 I 7.70E-06 C 2.70E-02 3.60E+00 A 1.03E+00 SVh 1 0.00033 0 0.33 0.8 1

2,3,4,6-Tetrachlorophenole 3.OOE-02 I - - - - - - - - SV 1 0.071 -- -- -- -

2-Butanone 6.OOE-01 I - - - - - 5.OOE+00 I 1.43E+00 V 1 0.00096 0 0.27 0.65 1

2-Methyphenol (cresol, o-) 5.OOE-02 I - - - - - 6.OOE-01 C 1.71 E-01 SV 1 0.0077 0 0.43 1.03 1

2-Pentanone, 4-Methyl 8.OOE-02 H - - - - - 3.OOE+00 I 8.57E-01 V 1 0.0027 0 0.39 0.93 1

4-Nitrophenol 8.OOE-03 N - - - - - - - - SV1 1 0.0048 0 0.64 1.54 1

Acetone' 9.OOE-01 I - - - - - 3.10E+01 A 8.86E+00 V 1 0.000512 - - - -

Aluminum 1.00E+00 P - - - - - 5.00E-03 P 1.43E-03 - 1 0.001 - - - -
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Table_3-2. ToxicityCriteria for 200-PO-1 Groundwater Operable Unit Contaminants of Potential Concern'

Inhalation
Oral Cancer

Cancer Slope
Slope Factor
Factor (CSFI)d

(CSFo)b (kg-Oral (mglkg daymg) or Inhalation
Reference day)" or Inhalation Inhalation Reference

Dose Oral Slope Inhalation Slope Reference Dose
(RfDo)Factor Unit Risk Factor Concentration (RfDi)* Volatile GIABS
(mg/kg- (SF)*(IUR (SFi)f (RfC)b (mgkg- Nonradonuclides Nonradionuclides K f ft*

COPCa day) Key (Risk/pCI) Key (pg/m )' Key (RiskpCi) (mg/m 3) Key day) Radionucldesc Radionuclides (cmhour) B (hourslevent) (hours) FA

Arsenic 3.00E-04 I 1.50E+00 I 4.30E-03 I 1.51E+01 1.50E-05 C 4.29E-06 - 1 0.001 - - - -

Barium 2.OOE-01 I - - - - - 5.OOE-04 H 1.43E-04 - 0.07 0.001 - - -

Benzene 4.OOE-03 I 5.50E-02 I 7.80E-06 I 2.73E-02 3.OOE-02 I 8.57E-03 V 1 0.015 0.1 0.29 0.7 1

Benzyl alcohol' 1.00E-01 P - - - - - - - - SV 1 0.00209 - - - -

Beryllium 2.OOE-03 I - - 2.40E-03 I 8.40E+00 2.OOE-05 1 5.71 E-06 - 0.007 0.001 - - - -

Bis(2-ethylhexyl) phthalate 2.OOE-02 I 1.40E-02 I 2.40E-06 C 8.40E-03 - - - SV 1 0.025 0.2 16.64 39.93 0.8

Cadmium 5.OOE-04 I - - 1.80E-03 I 6.30E+00 1.OOE-05 A 2.86E-06 - 0.05 0.001 - - -

Carbon disulfide 1.OOE-01 I - - - - - 7.OOE-01 I 2.OOE-01 V 1 0.017 0.1 0.3 0.72 1

Carbon tetrachloride 7.00E-04 I 1.30E-01 I 1.50E-05 I 5.25E-02 1.90E-01 A 5.43E-02 V 1 0.016 0.1 0.78 1.86 1

Carbon-14 - - 1.55E-12 H - - 7.07E-12 -- - -- - -

Chloride - - - - - - - - - - 1 0.001 - - - -

Chlorobenzene 2.OOE-02 I - - - - - 5.OOE-02 P 1.43E-02 V 1 0.028 0.1 0.46 1.09 1

Chloroform 1.OOE-02 1 3.1OE-02 C 2.30E-05 H 8.05E-02 9.80E-02 A 2.80E-02 V 1 0.0068 0 0.5 1.19 1

Chromium 1.50E+00 1 - - - - - - - - - 0.013 0.001 - - -

cis-1,2-Dichloroethylene 1.00E-02 P - - - - - - - - V 1 0.0077 0 0.37 0.89 1

Cobalt 3.00E-04 P - - 9.OOE-03 P 3.15E+01 6.OOE-06 P 1.71E-06 - 1 0.0004 - - -

Copper 4.OOE-02 H - - - - - - - - - 1 0.001 - - - -

Dinoseb(2-secButyl-4,6- 1.OOE-03 I - - - - - - - - SV 1 0.0163 - -

dinitrophenol)'

Fluoride 6.OOE-02 I - - - - - 1.30E-02 C 3.71 E-03 - 1 0.001 - - -

Gross alpha - - - - - - - - - - - - - - -

Gross beta - - - - - - -- - -- --
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Table_3-2.Toxicity Criteria for 200-PO-1 Groundwater Operable Unit Contaminants of Potential Concern'

Inhalation
Oral Cancer

Cancer Slope
Slope Factor
Factor (CSF)d

(CSF 0)b (kg-Oral (mg/kg- daymg) or Inhalation
Reference day)' or Inhalation Inhalation Reference

Dose Oral Slope Inhalation Slope Reference Dose
(RfD) Factor Unit Risk Factor Concentration (RfDi) Volatile GIABS
(mg/kg- (SF) (IUR b (SFI)c (RfC) (mg/kg- Nonradonuclides Nonradonuclides K, fT t*

COPC day) Key (RskpCi) Key (pg/m )" Key (Rsk/pCi) (mglm3) Key day) Radionuclidesc Radionucldesc (cm/hour) B' (hours/event) (hours) FA

Hexavalent Chromium 3.00E-03 1 - - 8.40E-02 I 2.94E+02 1.00E-04 I 2.86E-05 - 0.025 0.002 - - - -

lodine-129 -- - 1.48E-10 H - - 6.07E-11 - - - - 1 - - - -

Iron 7.OOE-01 P -- - - - - - - - - 1 0.001 - - - -

Lead - - - - - - - - - - - 1 0.0001 - - - -

Lithium 2.00E-03 P - - - - - - - - - 1 0.001 - - - -

Manganese 2.40E-02 I - - - - - 5.OOE-05 I 1.43E-05 - 0.04 0.001 --- -- --

Methanol 5.OOE-01 I - - - - - 4.OOE+00 C 1.14E+00 SV 1 0.00032 0 0.16 0.39 1

Methylene chloride 6.OOE-02 I 7.50E-03 I 4.70E-07 I 1.65E-03 1.OOE+00 A 2.86E-01 V 1 0.0035 0 0.32 0.76 1

Molybdenum 5.OOE-03 1 - - - - - - - - - 1 0.001 -- -- -- --

Nickel 2.00E-02 I - - 2.60E-04 C 9.10E-01 9.OOE-05 A 2.57E-05 - 0.04 0.0002 - - -

Nickel-63 - - 6.70E-13 H - - 1.64E-12 - - - -- -- - - -

Nitrate 7.10E+00 1 - - - - - - - - - 1 0.001 - - -

Nitrite 3.OOE-01 1 - - - -- - - - - - 1 0.001 - - -

Nitrogen in Nitrite and Nitrate 1.60E+00 1 - - - - - - - - - 1 0.001 - -

Octachlorodibenzofuran' - - 3.90E+01 WHO 1.14E-02 WHO 3.99E+01 - - - - 1 2.63 - - -

Octachorodibenzo-p-dioxin - - 3.90E+01 WHO 1.14E-02 WHO 3.99E+01 - - - - 1 1.16 - - -

o-Xylene 2.OOE-01 I - - - - - 7.OOE-01 C 2.00E-01 V 1 0.054 0.2 0.42 1.01 1

Plutonium-239/240 - - 1.35E-10 H - - 3.33E-08 - - -- -- -- -- -

Protactinium-231 - - 1.73E-10 H - - 4.55E-08 - - - -- - - - - -

Silver 5.OOE-03 1 - - - - - - - - - 0.04 0.0006 - - - -

Strontium 6.OOE-01 j - - - - - - - - - 1 0.001 - - - -

Strontium-90 - I -- 5.59E-11 H - -- .05E-10 - - - - 0.3 - - -
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Table 3-2. Toxicity Criteria for 200-PO-1 Groundwater Operable Unit Contaminants of Potential Concerna

Inhalation
Oral Cancer

Cancer Slope
Slope Factor
Factor (CSF 1)d
(CSF)P (kg-

Orale (mglkg- daymg) or Inhalation
Reference day)' or Inhalation Inhalation Reference

Dose Oral Slope Inhalation Slope Reference Dose
(RfDo)Factor Unit Risk Factor Concentration (RfD1)* Volatile GIABS

(mglkg- (SF) (UR (SFi)c (RfC) (mglkg- Nonradonuclidesb Nonradonuclidesb K t*f
COPCa day) Key (RisklpCi) Key (pgm ).1 Key (Rsk/pCi) (mgm 3 ) Key day) Radionuclides Radionuclldesc (cm/hour) B (hourslevent) (hours) FA

Sulfate - - - - - - - - -- 0.001 - - - -

Technetium-99 - - 2.75E-12 H - - - - - 0.5 - - - - -

Tetrachloroethene 1.00E-02 I 5.40E-01 C 5.90E-06 C 2.07E-02 2.70E-01 A 7.71E-02 V 1 0.033 0.2 0.91 2.18 1

Thallium - - -- - - - - - 1 0.001 -

Toluene 8.00E-02 I - - - - 5.OOE+00 I V 1 0.031 0.1 0.35 0.84 1

Total petroleum hydrocarbons - - - - - - -- - -- -- --

gasoline rangeI

Tributyl phosphate' 2.OOE-01 P 9.20E-03 P - - - - SV 1 0.0228 - - - -

Trichloroethene - - 8.90E-02 H 2.50E-05 H 8.75E-02 3.50E-02 H 1.00E-02 V 1 0.012 0.1 0.58 1.39 1

Trichloromonofluoromethane 3.OOE-01 I - - - -- - 7.OOE-01 H 2.OOE-01 V 1 0.013 0.1 0.63 1.51 1

Tritium - - 5.07E-14 H - - 5.62E-14 - - - V 1 - - -

Uranium 3.OOE-03 I -- - - - - 3.OOE-04 A 8.57E-05 - 1 0.001 - - -

Vanadium 5.OOE-03 S - - - - - - - - -- 1 0.001 - - - -

Vinyl chloride 3.OOE-03 I 7.20E-01 I 4.40E-06 I 1.54E-02 1.OOE-01 I 2.86E-02 V 1 0.0056 0 0.24 0.57 1

Zinc 3.OOE-01 I - - - - - - - -- - - 1 0.0006 - - -
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Table_3-2.Toxicity Criteria for 200-PO-1 Groundwater Operable Unit Contaminants of Potential Concerna

Inhalation
Oral Cancer

Cancer Slope
Slope Factor
Factor (CSF1)
(CSF )b (kg-Oral (mg/kg day/mg) or Inhalation

Referenceday) or Inhalation Inhalation Reference
Dose Oral Slope Inhalation Slope Reference Dose

(RfD0)b Factor Unit Risk Factor Concentration (RfDi) Volatile GIABS
(mg/kg- (SF) c (IUR (SFI)c (RfC) (mg/kg- Nonradionuclidesb Nonradonucldesb Kp t*f

COPCa day) Key (Risk/pCi) Key (pg/rn ) Key (RisklpCi) (mg/rn) Key day) Radionuclides Radionuclides (cm/hour) B (hourslevent) (hours) FA

Notes:

a. Source = ECF-200PO1-09-2027.

b. Source = EPA, 2009.

c. Source = EPA, 2001.

d. CSF (kg-day/mg) = IUR (m3/pg) x 1/20 (m3/day) x 70 (kg) x 1000 (pg/mg)

e. RfD (mg/kg-day) = RfC (mg/m 3) x 20 (m3/day) x 1/70 (kg)

f. Source = EPA/540/R/99/005, Exhibits 3-1 (inorganic COPCs) and B-3 (organic COPCs).

g. Source = ORNL, 2010.

h. Defined as a semi-volatile per EPA SW-846 Method 8270 for semi-volatiles

i. Kp for this analytes is taken from ORNL, 2010

-- indicates toxicity value not available for this contaminant and exposure route.
A=ATSDR
B = partitioning constant.
C = Cal EPA
COPC = contaminant of potential concern.
FA = fraction absorbed.
GIABS = gastrointestinal absorption factor.
H = HEAST
I = IRIS
K, = dermal permeability constant.
P = PPRTV
t*= time to reach steady-state.

T=lag time
V volatile
SV= Semivolatile
ECF-200PO1-09-2027, Calculation of Exposure Point Concentrations for the 200-PO- Groundwater Operable Unit.
EPA/540/R/99/005, Risk Assessment Guidance for Superfund Volume!: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment): Final.

EPA, 2001, Health Effects Assessment Summary Tables database, "April 16, 2001 Update: Radionuclide Toxicity," "Radionuclide Table: Radionuclide Carcinogenicity - Slope Factors."
EPA, 2009, "Regional Screening Levels for Chemical Contaminants at Superfund Sites."
ORNL, 2010, The Risk Assessment Information System (RAIS).
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4.0 SOFTWARE APPLICATIONS

All supporting calculations for this Environmental Calculation are performed on electronic
spreadsheets using Microsoft Excel4. These spreadsheets are provided as electronic attachments
to this Environmental Calculation as discussed in Section 5.

5.0 CALCULATION

Potential human health risk to members of the CTUIR and Yakama Nation is calculated using the
methodology presented in Section 2 and the COPCs, EPCs, and toxicity factors presented in
Section 3. The calculation spreadsheets (formatted for on-screen viewing) are provided as
electronic attachments to this Environmental Calculation. The individual Excel workbooks and
their associated worksheets are listed in the tables below.

5.1 DRINKING WATER PATHWAY WORKSHEETS

The drinking water pathway calculations for the CTUIR exposure scenario 5-Year data set are
contained in the Excel workbook "200-PO-1 Native Am Risk Env Calc - Attach A - Drinking
Water CTUIR.xlsx". The worksheets in this workbook are listed in Table 5-1.

The drinking water pathway calculations for the Yakama Nation exposure scenario 5-Year Data
Set are contained in the Excel workbook "200-PO-1 Native Am Risk Env Calc - Attach B -
Drinking Water YN.xlsx". The worksheets in this workbook are listed in Table 5-2.

The drinking water pathway calculations for the CTUIR exposure scenario 10-Year Data Set are
contained in the Excel workbook "200-PO-1 Native Am Risk Env Calc - Attach C - Drinking
Water CTUIR.xlsx". The worksheets in this workbook are listed in Table 5-1.

The drinking water pathway calculations for the Yakama Nation exposure scenario 10-Year Data
Set are contained in the Excel workbook "200-PO-1 Native Am Risk Env Calc - Attach D -
Drinking Water YN.xlsx". The worksheets in this workbook are listed in Table 5-2.

Table 5-1. Worksheets for the CTUIR Drinking Water
Pathway Calculations (5-Year Data Set)

Far-Field Exposure Near-Field Exposure River Exposure Area
Area Area

A-1: Results summary A-7: Results summary A-13: Results summary

A-2: Ingestion of A-8: Ingestion of A-14: Ingestion of
COPCs in drinking COPCs in drinking COPCs in drinking

water water water

4 Excel is a trademark of Microsoft Corporation, Redmond, Washington.

38



ECF-200P01-09-2115 REV 2

Table 5-1. Worksheets for the CTUIR Drinking Water
Pathway Calculations (5-Year Data Set)

Far-Field Exposure Near-Field Exposure River Exposure Area
Area Area

A-3: Inhalation of A-9: Inhalation of A- 15: Inhalation of
volatile COPCs in volatile COPCs in volatile COPCs in

drinking water drinking water drinking water

A-4: Dermal absorption A-10: Dermal A-16: Dermal
of COPCs in drinking absorption of COPCs in absorption of COPCs in

water drinking water drinking water

A-5: Inhalation of A-11: Inhalation of A-17: Inhalation of
volatile radioactive volatile radioactive volatile radioactive
COPCs in drinking COPCs in drinking COPCs in drinking

water water water

A-6: Ingestion of A-12: Ingestion of A-18: Ingestion of
radioactive COPCs in radioactive COPCs in radioactive COPCs in

drinking water drinking water drinking water

Table 5-2. Worksheets for the Yakama Nation Drinking
Water Pathway Calculations (5-Year Data Set)

Far-Field Exposure Near-Field Exposure River Exposure Area
Area Area

B-1: Results summary B-7: Results summary B-13: Results summary

B-2: Ingestion of B-8: Ingestion of B-14: Ingestion of
COPCs in drinking COPCs in drinking COPCs in drinking

water water water

B-3: Inhalation of B-9: Inhalation of B-15: Inhalation of
volatile COPCs in volatile COPCs in volatile COPCs in

drinking water drinking water drinking water

B-4: Dermal absorption B-10: Dermal B-16: Dermal
of COPCs in drinking absorption of COPCs in absorption of COPCs in

water drinking water drinking water

B-5: Inhalation of B-11: Inhalation of B-17: Inhalation of
volatile radioactive volatile radioactive volatile radioactive
COPCs in drinking COPCs in drinking COPCs in drinking
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Table 5-2. Worksheets for the Yakama Nation Drinking
Water Pathway Calculations (5-Year Data Set)

Far-Field Exposure Near-Field Exposure River Exposure Area
Area Area

water water water

B-6: Ingestion of B-12: Ingestion of B-18: Ingestion of
radioactive COPCs in radioactive COPCs in radioactive COPCs in

drinking water drinking water drinking water

Table 5-3. Worksheets for the CTUIR Drinking Water
Pathway Calculations (10-Year Data Set)

Far-Field Exposure Near-Field Exposure River Exposure Area
Area Area

C-1: Results summary C-7: Results summary C-13: Results summary

C-2: Ingestion of C-8: Ingestion of C-14: Ingestion of
COPCs in drinking COPCs in drinking COPCs in drinking

water water water

C-3: Inhalation of C-9: Inhalation of C-15: Inhalation of
volatile COPCs in volatile COPCs in volatile COPCs in

drinking water drinking water drinking water

C-4: Dermal absorption C-10: Dermal C-16: Dermal
of COPCs in drinking absorption of COPCs in absorption of COPCs in

water drinking water drinking water

C-5: Inhalation of C-11: Inhalation of C-17: Inhalation of
volatile radioactive volatile radioactive volatile radioactive
COPCs in drinking COPCs in drinking COPCs in drinking

water water water

C-6: Ingestion of C-12: Ingestion of C-18: Ingestion of
radioactive COPCs in radioactive COPCs in radioactive COPCs in

drinking water drinking water drinking water

Table 5-4. Worksheets for the Yakama Nation Drinking
Water Pathway Calculations (10-Year Data Set)
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5.2 SWEAT LODGE PATHWAY WORKSHEETS

The sweat lodge pathway calculations for the CTUIR exposure scenario 5-Year Data Set are
contained in the Excel workbook "200-PO-1 Native Am Risk Env Calc - Attach E - Sweatlodge
CTUIR.xlsx". The worksheets in this workbook are listed in Table 5-5.

The sweat lodge pathway calculations for the Yakama Nation exposure scenario 5-Year Data Set
are contained in the Excel workbook "200-PO-1 Native Am Risk Env Calc - Attach F -
Sweatlodge YN.xlsx". The worksheets in this workbook are listed in Table 5-6.

The sweat lodge pathway calculations for the CTUIR exposure scenario 10-Year Data Set are
contained in the Excel workbook "200-PO-1 Native Am Risk Env Calc - Attach G - Sweatlodge
CTUIR.xlsx". The worksheets in this workbook are listed in Table 5-7.

The sweat lodge pathway calculations for the Yakama Nation exposure 10-Year Data Set
scenario are contained in the Excel workbook "200-PO-1 Native Am Risk Env Calc - Attach H -
Sweatlodge YN.xlsx". The worksheets in this workbook are listed in Table 5-8.

Table 5-5. Worksheets for the CTUIR Sweat Lodge Pathway
Calculations (5-Year Data Set)

41

Far-Field Exposure Near-Field Exposure River Exposure Area
Area Area

D-1: Results summary D-7: Results summary D- 13: Results summary

D-2: Ingestion of D-8: Ingestion of D-14: Ingestion of
COPCs in drinking COPCs in drinking COPCs in drinking

water water water

D-3: Inhalation of D-9: Inhalation of D- 15: Inhalation of
volatile COPCs in volatile COPCs in volatile COPCs in

drinking water drinking water drinking water

D-4: Dermal absorption D-10: Dermal D-16: Dermal
of COPCs in drinking absorption of COPCs in absorption of COPCs in

water drinking water drinking water

D-5: Inhalation of D- 11: Inhalation of D-17: Inhalation of
volatile radioactive volatile radioactive volatile radioactive
COPCs in drinking COPCs in drinking COPCs in drinking

water water water

D-6: Ingestion of D-12: Ingestion of D-18: Ingestion of
radioactive COPCs in radioactive COPCs in radioactive COPCs in

drinking water drinking water drinking water
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Table 5-6. Worksheets for the Yakama Nation Sweat Lodge
Pathway Calculations (5-Year Data Set)

Far-Field Exposure Near-Field Exposure River Exposure Area
Area Area

F-1: Results Summary F-9: Results Summary F-17: Results Summary

F-2: Inhalation of F-10: Inhalation of F-18: Inhalation of
volatile COPCs in vapor volatile COPCs in vapor volatile COPCs in vapor
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Far-Field Exposure Near-Field Exposure River Exposure Area
Area Area

E-1: Results Summary E-9: Results Summary E-17: Results Summary

E-2: Inhalation of E-10: Inhalation of E-18: Inhalation of
volatile COPCs in vapor volatile COPCs in vapor volatile COPCs in vapor

E-3: Inhalation of E- 11: Inhalation of E-19: Inhalation of
nonvolatile COPCs in nonvolatile COPCs in nonvolatile COPCs in
vapor vapor vapor

E-4: Dermal exposure to E-12: Dermal exposure E-20: Dermal exposure
volatile COPCs in vapor to volatile COPCs in to volatile COPCs in

vapor vapor

E-5: Dermal exposure to E- 13: Dermal exposure E-21: Dermal exposure
nonvolatile COPCs in to nonvolatile COPCs in to nonvolatile COPCs in
condensed water condensed water condensed water

E-6: Dermal exposure to E-14: Dermal exposure E-22: Dermal exposure
nonvolatile COPCs in to nonvolatile COPCs in to nonvolatile COPCs in
vapor vapor vapor

E-7: Inhalation of E- 15: Inhalation of E-23: Inhalation of
volatile radioactive volatile radioactive volatile radioactive
COPCs in vapor COPCs in vapor COPCs in vapor

E-8: Inhalation of E-16: Inhalation of E-24: Inhalation of
nonvolatile radioactive nonvolatile radioactive nonvolatile radioactive
COPCs in vapor COPCs in vapor COPCs in vapor

COPC = contaminant of potential concern
CTUIR = Confederated Tribes of the Umatilla Indian Reservation
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Table 5-6. Worksheets for the Yakama Nation Sweat Lodge
Pathway Calculations (5-Year Data Set)

Far-Field Exposure Near-Field Exposure River Exposure Area
Area Area

F-3: Inhalation of F-11: Inhalation of F-19: Inhalation of
nonvolatile COPCs in nonvolatile COPCs in nonvolatile COPCs in
vapor vapor vapor

F-4: Dermal exposure to F- 12: Dermal exposure F-20: Dermal exposure
volatile COPCs in vapor to volatile COPCs in to volatile COPCs in

vapor vapor

F-5: Dermal exposure to F- 13: Dermal exposure F-21: Dermal exposure
nonvolatile COPCs in to nonvolatile COPCs in to nonvolatile COPCs in
condensed water condensed water condensed water

F-6: Dermal exposure to F-14: Dermal exposure F-22: Dermal exposure
nonvolatile COPCs in to nonvolatile COPCs in to nonvolatile COPCs in
vapor vapor vapor

F-7: Inhalation of F-15: Inhalation of F-23: Inhalation of
volatile radioactive volatile radioactive volatile radioactive
COPCs in vapor COPCs in vapor COPCs in vapor

F-8: Inhalation of F-16: Inhalation of F-24: Inhalation of
nonvolatile radioactive nonvolatile radioactive nonvolatile radioactive
COPCs in vapor COPCs in vapor COPCs in vapor

COPC = contaminant of potential concern

Table 5-7. Worksheets for the CTUIR Sweat Lodge Pathway
Calculations (10-Year Data Set)

Far-Field Exposure Near-Field Exposure River Exposure Area
Area Area

G-1: Results Summary G-9: Results Summary G-17: Results Summary

G-2: Inhalation of G-10: Inhalation of G-18: Inhalation of
volatile COPCs in vapor volatile COPCs in vapor volatile COPCs in vapor

G-3: Inhalation of G- 11: Inhalation of G-19: Inhalation of
nonvolatile COPCs in nonvolatile COPCs in nonvolatile COPCs in
vapor vapor vapor
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Table 5-7. Worksheets for the CTUIR Sweat Lodge Pathway
Calculations (10-Year Data Set)

Far-Field Exposure Near-Field Exposure River Exposure Area
Area Area

G-4: Dermal exposure to G-12: Dermal exposure G-20: Dermal exposure
volatile COPCs in vapor to volatile COPCs in to volatile COPCs in

vapor vapor

G-5: Dermal exposure to G-13: Dermal exposure G-21: Dermal exposure
nonvolatile COPCs in to nonvolatile COPCs in to nonvolatile COPCs in
condensed water condensed water condensed water

G-6: Dermal exposure to G-14: Dermal exposure G-22: Dermal exposure
nonvolatile COPCs in to nonvolatile COPCs in to nonvolatile COPCs in
vapor vapor vapor

G-7: Inhalation of G-15: Inhalation of G-23: Inhalation of
volatile radioactive volatile radioactive volatile radioactive
COPCs in vapor COPCs in vapor COPCs in vapor

G-8: Inhalation of G-16: Inhalation of G-24: Inhalation of
nonvolatile radioactive nonvolatile radioactive nonvolatile radioactive
COPCs in vapor COPCs in vapor COPCs in vapor

COPC = contaminant of potential concern
CTUIR = Confederated Tribes of the Umatilla Indian Reservation

Table 5-8. Worksheets for the Yakama Nation Sweat Lodge
Pathway Calculations (10-Year Data Set)

Far-Field Exposure Near-Field Exposure River Exposure Area
Area Area

H-1: Results Summary H-9: Results Summary H-17: Results Summary

H-2: Inhalation of H-10: Inhalation of H-18: Inhalation of
volatile COPCs in vapor volatile COPCs in vapor volatile COPCs in vapor

H-3: Inhalation of H-11: Inhalation of H-19: Inhalation of
nonvolatile COPCs in nonvolatile COPCs in nonvolatile COPCs in
vapor vapor vapor

H-4: Dermal exposure to H-12: Dermal exposure H-20: Dermal exposure
volatile COPCs in vapor to volatile COPCs in to volatile COPCs in
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Table 5-8. Worksheets for the Yakama Nation Sweat Lodge
Pathway Calculations (10-Year Data Set)

Far-Field Exposure Near-Field Exposure River Exposure Area
Area Area

vapor vapor

H-5: Dermal exposure to H-13: Dermal exposure H-21: Dermal exposure
nonvolatile COPCs in to nonvolatile COPCs in to nonvolatile COPCs in
condensed water condensed water condensed water

H-6: Dermal exposure to H-14: Dermal exposure H-22: Dermal exposure
nonvolatile COPCs in to nonvolatile COPCs in to nonvolatile COPCs in
vapor vapor vapor

H-7: Inhalation of H-15: Inhalation of H-23: Inhalation of
volatile radioactive volatile radioactive volatile radioactive
COPCs in vapor COPCs in vapor COPCs in vapor

H-8: Inhalation of H-16: Inhalation of H-24: Inhalation of
nonvolatile radioactive nonvolatile radioactive nonvolatile radioactive
COPCs in vapor COPCs in vapor COPCs in vapor

COPC = contaminant of potential concern

5.3 HAND CALCULATIONS

The electronic spreadsheet calculations are validated by comparison with hand calculations. The
hand calculations are presented in Figure 5-1 to this Environmental Calculation. The hand
calculations are intended to provide validation for all equations used for both the drinking water
and sweat lodge pathways.

6.0 RESULTS/CONCLUSIONS

Results of the CTUIR and Yakama Nation human health risk calculations are summarized and
discussed in the sections below.

6.1 SUMMARY OF THE CTUIR RISK ASSESSMENT

This section summarizes the results for each of the three exposure areas associated with use of
groundwater as a drinking water source and use of groundwater to make steam in a sweat lodge.

6.1.1 Use of Groundwater as a Potential Drinking Water Source

Exposure to groundwater as a drinking water source is evaluated using the following potential
routes of exposure: ingestion, inhalation, and dermal contact (nonradionuclides only) of volatiles
during household activities. Table 6-1 provides a summary of the risk estimates by exposure
route for the 5-Year data set. Table 6-2 provides a summary of the risk estimates by exposure
route for the 10-Year data set. The results of 10-Year data set are provided for comparison
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purposes only. Additional detail including COPC-specific risk contributions is provided in the
electronic spreadsheet attachments.

Table 6-1. CTUIR Exposure Scenario - Summary of Risk Estimates from Use of Groundwater as a
Potential Drinking Water Source (5-Year Groundwater Data Set)

Far-Field Exposure Area Near-Field Exposure Area River Exposure Area

Exposure Route ELCR HI ELCR HI ELCR HI

Nonradionuclide COPCs

Ingestion 3.2E-04 2.3 5.3E-04 7.9 5.OE-04 2.2

Inhalation 3.1E-07 <0.01 5.3E-07 <0.01 2.8E-07 <0.01

Dermal 1.1E-05 0.04 9.6E-06 0.8 1.8E-06 0.02

Total 3.3E-04 2.4 5.4E-04 8.7 5.1E-04 2.3

Radionuclide COPCs

Ingestion 1.3E-03 -- 1.2E-03 -- 3.9E-04 --

Inhalation 1.2E-04 - 7.0E-05 - 3.1E-05 -

Total 1.5E-03 -- 1.3E-03 - 4.2E-04 --

Total ELCRa 1.8E-03 - 1.8E-03 - 9.3E-04 -

Notes:
a. Sum of total ELCR values for nonradionuclides and radionuclides.
-- = Indicates HI not applicable.
COPC = contaminant of potential concern.
HI = hazard index.
ELCR = excess lifetime cancer risk.

Table 6-2. CTUIR Exposure Scenario - Summary of Risk Estimates from Use of Groundwater as a
Potential Drinking Water Source (10-Year Groundwater Data Set)

Far-Field Exposure Area Near-Field Exposure Area River Exposure Area

Exposure Route ELCR HI ELCR HI ELCR HI

Nonradionuclide COPCs

Ingestion 4.1E-04 2.8 5.4E-04 10 5.1E-04 2.3

Inhalation 7.OE-07 <0.01 8.1E-07 <0.01 6.9E-07 <0.01

Dermal 1.5E-05 0.051 1.1E-05 0.93 2.OE-06 0.016
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Table 6-2. CTUIR Exposure Scenario - Summary of Risk Estimates from Use of Groundwater as a
Potential Drinking Water Source (10-Year Groundwater Data Set)

Far-Field Exposure Area Near-Field Exposure Area River Exposure Area

Exposure Route ELCR HI ELCR HI ELCR HI

Total 4.3E-04 2.9 5.5E-04 11 5.1E-04 2.3

Radionuclide COPCs

Ingestion 2.5E-03 - 1.4E-03 - 3.3E-04 -

Inhalation 2.2E-04 - 8.6E-05 - 2.7E-05 -

Total 2.7E-03 - 1.5E-03 - 3.6E-04 -

Total ELCRa 3.1E-03 - 2.OE-03 - 8.7E-04 --

Notes:
a. Sum of total ELCR values for nonradionuclides and radionuclides.
-- = Indicates HI not applicable.
COPC = contaminant of potential concem.
HI = hazard index.
ELCR = excess lifetime cancer risk.

6.1.1.1 Far-Field Exposure Area

The cumulative ELCRs for the far-field exposure area 5-year data set are 3.3 x 1 0 4 for
nonradiological COPCs and 1.5 x 10- for radiological COPCs. Both ELCRs are greater than the
EPA upper target risk threshold of 1 x 10-4. The individual ELCR value for tritium is greater than
the EPA upper target risk threshold of 1 x 10 4 .The individual ELCR values for carbon
tetrachloride, iodine-129, technetium-99, tetrachloroethene, and trichloroethene are within the
EPA range of 1 x 104 to 1 x 10-6. The HI for the far-field exposure area 5-year data set is 2.4,
which is greater than the EPA target HI of 1.0. No individual COPC in the 200-PO-1 far-field
exposure area 5-year data set had a HQ greater than the EPA target HI of 1.0.

Although the individual ELCR value for 1,4-dioxane is within the EPA range of 1 x 10-4 to
1 x 10-6, 1,4-dioxane is not considered to be a contributor to the ELCR. 1,4-Dioxane was
detected in one of 307 water samples at well 699-24-33 at a concentration of 8.1 pLg/L with a
"B" data qualifier, indicating that the detection was a result of laboratory contamination.

Although the individual ELCR value for arsenic is greater than EPA's regulatory target risk
threshold of 1 x 104, the 95 UCL value of 3.1 ptg/L is considered to be within the range of
naturally occurring concentrations of arsenic. Therefore, arsenic is not considered a contributor
to risk.

Although the individual ELCR value for bis(2-ethylhexyl) phthalate is within the EPA range of
1 x 10-4 to 1 x 10-6, bis(2-ethylhexyl) phthalate is not considered to be a contributor to the ELCR.
Bis(2-ethylhexyl) phthalate was detected in one of 31 water samples at well 699-32-22B at a
concentration of 1 jig/L and is not considered to be associated with a trend or local exposure
point.
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Although the individual ELCR value for protactinium-231 is within the EPA range of 1 x 10-4 to
1 x 10-6, protactinium-231 is not considered to be a contributor to the ELCR. Protactinium-231
was detected in two of 11 water samples at wells 699-33-56 and 699-46-21B at concentrations of
0.19 jig/L and 0.31 ptg/L respectively, and is not considered to be associated with a trend or local
exposure point.

Although the individual ELCR value for strontium-90 is within the EPA range of 1 x 10-4 to
1 x 10-6, strontium-90 is not considered to be a contributor to the ELCR. Strontium-90 was
detected in one of 68 water samples at well 699-26-33 at a concentration of 0.61 ig/L and is not
considered to be associated with a trend or local exposure point.

The individual ELCR value associated with tributyl phosphate is within the EPA range of 1 x 10-4
to 1 x 10-6. Tributyl phosphate does not originate from a 200-PO-1 OU source instead it
originates from the 618-10 burial ground therefore it is not considered to be a contributor to risk
or HI.

6.1.1.2 Near-Field Exposure Area

The cumulative ELCRs for the near-field exposure area 5-year data set are 5.4 x 1 0 -4 for
nonradiological COPCs and 1.3 x 10- for radiological COPCs. Both ELCRs are greater than the
EPA upper target risk threshold of 1 x 10-4. The individual ELCR values for tritium and
technetium-99 are greater than the EPA upper target risk threshold of 1 x 10-4 . The individual
ELCR values for iodine- 129, strontium-90, and trichloroethene are within the EPA range of 1 x

10-4 to 1 x 10-6. The HI for the near-field exposure area 5-year data set is 8.7, which is greater
than the EPA target HI of 1.0. No individual COPC in the 200-PO-1 near-field exposure area 5-
year data set had a HQ greater than the EPA target HI of 1.0.

Although the individual ELCR value for 1,2,3,4,7,8-hexachlorodibenzofuran is within the EPA
range of 1 x 10-4 to 1 x 10-6, 1,2,3,4,7,8-hexachlorodibenzofuran is not considered to be a
contributor to the ELCR. 1,2,3,4,7,8-Hexachlorodibenzofuran was detected in one of 7 water
samples at well 299-E17-25 at a concentration of 0.0000029 pig/L and was flagged with a "QBJ"
indicating the result is an estimated value and the analyte was detected in both the QC blank and
the sample. Results of this evaluation suggest the presence of 1,2,3,4,7,8-
hexachlorodibenzofuran is the result of laboratory contamination.

Although the individual ELCR value for 1,2,3,6,7,8-hexachlorodibenzofuran is within the EPA
range of 1 x 10-4 to 1 x 10-6, 1,2,3,6,7,8-hexachlorodibenzofuran is not considered to be a
contributor to the ELCR. 1,2,3,6,7,8-Hexachlorodibenzofuran was detected in one of 7 water
samples at well 299-E17-25 at a concentration of 0.0000021 pig/L and is not considered to be
associated with a trend or local exposure point.

Although the individual ELCR value for 1,2-dichloroethane is within the EPA range of 1 x 10-4 to
1 x 10-6, 1,2-dichloroethane is not considered to be a contributor to the ELCR. 1,2-
Dichloroethane was detected in one of 34 water samples at well 299-E17-25 at a concentration of
0.64 pig/L and is not considered to be associated with a trend or local exposure point.

Although the individual ELCR value for arsenic is greater than EPA's regulatory target risk
threshold of 1 x 1 0 -4 and the HQ is greater than 1.0, the 95 UCL value of 5.8 jIg/L is considered to
be within the range of naturally occurring concentrations of arsenic. Therefore, arsenic is not
considered a contributor to risk or hazard.
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Although the individual ELCR value for bis(2-ethylhexyl) phthalate is within the EPA range of
1 x 10-4 to 1 x 10-6, bis(2-ethylhexyl) phthalate is not considered to be a contributor to the ELCR.
Bis(2-ethylhexyl) phthalate was detected in one of 31 water samples at well 299-E25-39 at a
concentration of 11 pg/L with a "B" data qualifier, indicating that the detection was a result of
laboratory contamination.

Although the individual ELCR value for carbon tetrachloride is within the EPA range of 1 x 10-4
to I x 10-6, carbon tetrachloride is not considered to be a contributor to the ELCR. Carbon
tetrachloride was detected in three of 34 water samples with concentrations ranging between 0.13
ptg/L and 1.8 gg/L and is not considered to be associated with a trend or local exposure point.

Although hexavalent chromium is reported with an HI greater than 1.0 it is not considered
contributors to the HI. Hexavalent chromium was only analyzed in three groundwater samples
and was not identified as a preliminary COPC in DOE/RL-2007-31, 2008, Remedial
Investigation/Feasibility Study Work Plan for the 200-PO-I Groundwater Operable Unit.

Although the individual ELCR value for protactinium-231 is within the EPA range of 1 x 10-4 to
1 x 10-6, protactinium-231 is not considered to be a contributor to the ELCR. Protactinium-231
was detected in one of 16 water samples at well 299-E13-17 at a concentration of 0.28 pg/L and
is not considered to be associated with a trend or local exposure point.

6.1.1.3 River Exposure Area

The cumulative ELCRs for the rive exposure area 5-year data set are 5.1 X 10-4 for
nonradiological COPCs and 4.2 x 10-4 for radiological COPCs. Both ELCRs are greater than the
EPA upper target risk threshold of 1 x 10-4. The individual ELCR value for tritium is greater than
the EPA upper target risk threshold of 1 x 1 0 -4. The individual ELCR values for strontium-90 and
technetium-99 are within the EPA range of 1 x 10-4 to 1 x 10-6.The HI for the river exposure area
5-year data set is 2.3, which is greater than the EPA target HI of 1.0. No individual COPCs in the
200-PO-1 river exposure area 5-year data set had a HQ greater than the EPA target HI of 1.0.

Although the individual ELCR value for arsenic is greater than EPA's regulatory target risk
threshold of 1 x10-4 and the HQ is greater than 1.0, the 95 UCL value of 5.8 gg/L is considered to
be within the range of naturally occurring concentrations of arsenic. Therefore, arsenic is not
considered a contributor to risk or hazard.

Although the individual ELCR value for carbon tetrachloride is within the EPA range of 1 x 10-4

to 1 x 10-6, carbon tetrachloride is not considered to be a contributor to the ELCR. Carbon
tetrachloride was detected in two of 29 water samples at well 699-20-E120 at concentrations of
0.27 ptg/L and 0.28 gg/L respectively, that is associated with the subject field blank and is not
considered to be associated with a trend or local exposure point.

6.1.2 Use of Groundwater as a Source of Steam for Sweat Lodge Use

Potential exposure to groundwater as a source of steam in a sweat lodge is evaluated under this
scenario. Potential routes of exposure to steam generated from groundwater include inhalation of
vaporized volatiles and semivolatiles and aerosolized nonvolatiles and dermal contact with
vaporized volatiles, semivolatiles, and nonvolatiles and condensed liquid while spending time in a
sweat lodge. Table 6-3 provides a summary of the risk estimates by exposure route for the 5-
Year data set. Table 6-4 provides a summary of the risk estimates by exposure route for the 10-
Year data set. The results of 10-Year data set are provided for comparison purposes only.
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Additional detail including COPC-specific risk contributions are provided in the electronic
spreadsheet attachments.
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Table 6-3. CTUIR Exposure Scenario-Summary of Risk Estimates from Use of Groundwater in a Sweat Lodge (5-Year
Groundwater Data Set)

200-PO-I 200-PO-1 200-PO-1

Groundwate Groundwater Groundwater
Exposure Route Operable t ar- Operable Unit (Near- Operable Unit (River

Field Exposure Area) Field Exposure Exposure Area)
Area)

ELCR HI ELCR HI ELCR HI

Nonradionuclide COPCs

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles (vapor) 4.4E-06 <0.01 2.7E-06 <0.01 1.1E-06 <0.01

Nonvolatile (aerosol) 1.9E-04 11 1.3E-01 32 2.2E-04 12

Total 2.0E-04 11 1.3E-01 32 2.2E-04 12

Dermal Exposure in Sweat Lodge

Volatile and Semi-Volatiles (vapor only) 4.7E-09 <0.01 1.3E-09 <0.01 1.8E-10 <0.01

Nonvolatile (vapor and aqueous condensate) 1.2E-06 0.06 4.2E-05 1.4 2.2E-06 0.02

Total 1.2E-06 0.06 4.2E-05 1.4 2.2E-06 0.02

Total Nonradionuclide 2.OE-04 11 1.3E-01 34 2.2E-04 12

Radionuclide COPCs

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles (vapor) 3.7E-04 -- 2.2E-04 -- 9.8E-05 --

Nonvolatile (aerosol) 6.6E-05 -- 1.6E-04 -- 8.4E-06 --

Total Radionuclide 4.3E-04 - 3.8E-04 -- 1.1E-04 --

Total ELCRa 6.3E-04 -- 1.3E-01 - 3.3E-04 --
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Table 6-3. CTUIR Exposure Scenario-Summary of Risk Estimates from Use of Groundwater in a Sweat Lodge (5-Year
Groundwater Data Set)

200-PO-1 200-PO-1 200-PO-1

Groundwater Groundwater Groundwater
Exposure Route Operable Unit ar- Operable Unit (Near- Operable Unit (River

Field Exposure Area) Field Exposure Exposure Area)
Area)

ELCR HI ELCR HI ELCR HI

Notes:

a. Total ELCR represents the sum of the total nonradionuclide ELCR and the total
radionuclide ELCR.

-- = Indicates HI not applicable.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
HI = hazard index.
ELCR = excess lifetime cancer risk.
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Table 6-4. CTUIR Exposure Scenario-Summary of Risk Estimates from Use of Groundwater in a Sweat Lodge (10-Year
Groundwater Data Set)

200-PO-I 200-PO-1 200-PO-1

Groundwate Groundwater Groundwater
Exposure Route Operable Unit ar- Operable Unit (Near- Operable Unit (River

Field Exposure Area) Field Exposure Exposure Area)
Area)

ELCR HI ELCR HI ELCR HI

Nonradionuclide COPCs

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles (vapor) 6.OE-06 <0.01 4.50E-06 <0.01 2.8E-06 <0.01

Nonvolatile (aerosol) 1.9E-04 10 1.3E-01 46 2.2E-04 12

Total 2.OE-04 10 1.3E-01 46 2.2E-04 12

Dermal Exposure in Sweat Lodge

Volatile and Semi-Volatiles (vapor only) 8.7E-09 <0.01 2.OE-09 <0.01 2.6E-10 <0.01

Nonvolatile (vapor and aqueous condensate) 1.2E-06 0.070 4.2E-05 0.42 2.2E-06 0.022

Total 1.2E-06 0.070 4.2E-05 0.42 2.2E-06 0.022

Total Nonradionuclide 2.OE-04 10 1.3E-01 46 2.2E-04 12

Radionuclide COPCs

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles (vapor) 6.9E-04 -- 2.7E-04 -- 8.3E-05 --

I H Ir1 A -- A nE-06 --
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Table 6-4. CTUIR Exposure Scenario-Summary of Risk Estimates from Use of Groundwater in a Sweat Lodge (10-Year
Groundwater Data Set)

200-PO-1 200-PO-1 200-PO-1
Groundwater Groundwater Groundwater

Exposure Route Operable Unit (Far- Operable Unit (Near- Operable Unit (River

Field Exposure Area) Field Exposure Exposure Area)
Area)

ELCR HI ELCR HI ELCR HI

Total ELCRa 9.5E-04 -- 1.3E-01 -- 3.1E-04 --

Notes:

b. Total ELCR represents the sum of the total nonradionuclide ELCR and the total
radionuclide ELCR.

-- = Indicates HI not applicable.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
HI = hazard index.
ELCR = excess lifetime cancer risk.
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6.1.2.1 Far-Field Exposure Area

The cumulative ELCR for the far-field exposure area 5-year data set is 2.0 x 1 0 -4 for
nonradiological COPCs and 4.3 x 10-4 for radiological COPCs, which is greater than the EPA
upper target risk threshold of 1 x 10-4. The individual ELCR value for tritium is greater than the
EPA upper target risk threshold of 1 x 10-4. Individual ELCRs associated with nickel and
technetium-99 are within the EPA range of 1 x 10-4 to 1 x 10-6. The HI for the far-field exposure
area is 11, which is greater than the EPA target HI of 1.0. No individual COPCs in the far-field
exposure area had a HQ greater than the EPA target HI of 1.0.

Although the individual ELCR value for 1,4-dioxane is within the EPA range of 1 x 10-4 to
1 x 10-6, 1,4-dioxane is not considered to be a contributor to the ELCR. 1,4-Dioxane was
detected in one of 307 water samples at well 699-24-33 at a concentration of 8.1 ptg/L with a
"B" data qualifier, indicating that the detection was a result of laboratory contamination.

Although the individual ELCR value associated with arsenic is greater than the EPA's regulatory
target risk threshold of 1 x 10-4 and the HQ is greater than 1.0, the 95 UCL value of 3.1 ptg/L is
considered to be within the range of naturally occurring concentrations. Therefore, arsenic is not
considered to be a contributor to risk or HI.

Although the individual HQ associated with barium is greater than 1.0, the 95 UCL value of
73 ptg/L is considered to be within the range of naturally occurring concentrations of barium.
Therefore, barium is not considered a contributor the HI.

The individual ELCR value associated with cadmium is within the EPA range of 1 x 10-4 to 1 X

10-6 and the HQ is greater than 1.0. Cadmium is not considered a contributor to risk or HI
because the analytical method used to measure cadmium is not considered reliable.

Although the individual HQ associated with manganese is greater than 1.0, manganese is not
considered to be a contributor to the HI because the 95 UCL value of 10 ptg/L is below the
secondary MCL of 50 ptg/L and the secondary MCL is based on aesthetic qualities and is not
federally enforceable.

Although the individual ELCR value for protactinium-231 is within the EPA range of 1 x 10-4 to
1 x 10-6, protactinium-231 is not considered to be a contributor to the ELCR. Protactinium-231
was detected in two of 11 water samples at wells 699-33-56 and 699-46-2 1B at concentrations of
0.19 ptg/L and 0.31 ptg/L respectively, and is not considered to be associated with a trend or local
exposure point.

6.1.2.2 Near-Field Exposure Area

The cumulative ELCR for the near-field exposure area 5-year data set is 1.3 x 101 for
nonradiological COPCs and 3.8 x 10-4 for radiological COPCs, which is greater than the EPA

upper target risk threshold of 1 x 104 . The individual ELCR values for cobalt and tritium are
greater than the EPA upper target risk threshold of 1 x 1 0 4. Individual ELCRs associated with
nickel, iodine- 129, strontium-90, and technetium-99 are within the EPA range of 1 X 10-4 to
1 x 10-6. The HI for the near-field exposure area is 34, which is greater than the EPA target HI of
1.0. The primary contributors to the noncancer HI are cobalt and nickel, which have HQs equal
to or greater than 1.0.
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Although the individual ELCR value for 1,2,3,4,7,8-hexachlorodibenzofuran is within the EPA
range of 1 x 10-4 to 1 x 10-6, 1,2,3,4,7,8-hexachlorodibenzofuran is not considered to be a
contributor to the ELCR. 1,2,3,4,7,8-Hexachlorodibenzofuran was detected in one of 7 water
samples at well 299-E17-25 at a concentration of 0.0000029 gg/L and was flagged with a "QBJ"
indicating the result is an estimated value and the analyte was detected in both the QC blank and
the sample. Results of this evaluation suggest the presence of 1,2,3,4,7,8-
hexachlorodibenzofuran is the result of laboratory contamination.

Although the individual ELCR value for 1,2,3,6,7,8-hexachlorodibenzofuran is within the EPA
range of 1 x 10-4 to 1 x 10-6, 1,2,3,6,7,8-hexachlorodibenzofuran is not considered to be a
contributor to the ELCR. 1,2,3,6,7,8-Hexachlorodibenzofuran was detected in one of 7 water
samples at well 299-E17-25 at a concentration of 0.0000021 ig/L and is not considered to be
associated with a trend or local exposure point.

Although the individual ELCR value for 1,2,3,4,6,7,8-heptachlorodibenzofuran is within the EPA
range of 1 x 10-4 to 1 x 10-6, 1,2,3,4,6,7,8-Heptachiorodibenzofuran is not considered to be a
contributor to the ELCR. 1,2,3,4,6,7,8-Heptachlorodibenzofuran concentrations ranged between
1.3E-06 pg/L and 1.2E-05 pg/L. 1,2,3,4,6,7,8-Heptachlorodibenzofuran was detected in 8 of 10
samples . Two results were flagged with a "J" indicating the results are estimated values, two
results were flagged with a "BJ" indicating the results are estimated values and the analyte was
detected in both the QC blank and the sample, one result was flagged with a "QJ" indicating the
result is an estimated value because one of the qualitative estimation criteria is not met, and 3
results were qualified with a "QBJ". Results of this evaluation suggest the presence of
1,2,3,4,6,7,8-heptachlorodibenzofuran concentrations are considered estimates or are the result of
laboratory contamination.

Although the individual ELCR value for arsenic is greater than EPA's regulatory target risk
threshold of 1 x 10-4 and the HQ is greater than 1.0, the 95 UCL value of 5.8 pg/L is considered to
be within the range of naturally occurring concentrations of arsenic. Therefore, arsenic is not
considered a contributor to risk or hazard.

Although the individual ELCR associated with beryllium is within the EPA range of 1 x 10-4 to
1 x 10-6, the 95UCL value of 0.34 ttg/L is considered to be within the range of naturally occurring
concentrations of beryllium. Therefore, beryllium is not considered a contributor to the ELCR.

Although the individual ELCR value for bis(2-ethylhexyl) phthalate is within the EPA range of
1 x 10-4 to 1 x 10-6, bis(2-ethylhexyl) phthalate is not considered to be a contributor to the ELCR.
Bis(2-ethylhexyl) phthalate was detected in one of 31 water samples at well 299-E25-39 at a
concentration of 11 Ig/L with a "B" data qualifier, indicating that the detection was a result of
laboratory contamination.

Although the individual ELCR value for cadmium is within the EPA range of I X 10-4 to 1 x 10-6,
cadmium is not considered to be a contributor to the ELCR. Cadmium was detected three out of
373 samples at concentration ranging from 2.6 to 18 tg/L. All of the results were qualified with a
laboratory qualifier of "B" indicating the presence of cadmium is likely attributed to laboratory or
field contamination.

Although the individual ELCR value associated with hexavalent chromium is greater than the
EPA's regulatory target risk threshold of 1 x 10-4 and the HQ is greater than 1.0, it is not
considered a contributor to risk or HI. Hexavalent chromium was only analyzed in three
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groundwater samples and was not identified as a preliminary COPC in the 200-PO-1 OU work
plan (DOE/RL-2007-3 1).

Although the individual HQ associated with manganese is greater than 1.0, manganese is not
considered to be a contributor to the HI because the 95UCL value of 6.2 ig/L is below the
secondary MCL of 50 tg/L and the secondary MCL is based on aesthetic qualities and is not
federally enforceable.

Although the individual ELCR value for protactinium-231 is within the EPA range of 1 x 10-4 to
1 x 10-6, protactinium-231 is not considered to be a contributor to the ELCR. Protactinium-231
was detected in one of 16 water samples at well 299-E13-17 at a concentration of 0.28 tg/L and
is not considered to be associated with a trend or local exposure point.

Although the individual ELCR value for plutonium-239/240 is within the EPA range of I X 10-4

to 1 x 10-6, plutonium-239/240 is not considered to be a contributor to the ELCR. Plutonium-
239/240 was detected and analyzed for in one sampling event at well 299-E24-23 at a
concentration of 0.029 ptg/L, therefore plutonium-239/240 is not considered to be associated with
a trend or local exposure point.

6.1.2.3 River Exposure Area

The cumulative ELCR for the river exposure area 5-year data set is 2.2 x 10-4 for nonradiological
COPCs and 1.1 x 10-4 for radiological COPCs, which is greater than the EPA upper target risk
threshold of 1 x 10-4. Individual ELCRs associated with nickel, strontium-90, technetium-99, and
tritium are within the EPA range of 1 X 10-4 to 1 x 10-6. The HI for the river exposure area is 12,
which is greater than the EPA target HI of 1.0.No individual COPCs in the river exposure area
had a HQ greater than the EPA target HI of 1.0.

Although the individual ELCR value associated with arsenic is greater than the EPA's regulatory
target risk threshold of 1 x 1 0 4 and the HQ is greater than 1.0, the 95 UCL value of 5.8 pg/L is
considered to be within the range of naturally occurring concentrations. Therefore, arsenic is not
considered to be a contributor to risk or HI.

Although the individual HQ associated with manganese is greater than 1.0 and the 95 UCL value
of 65 ptg/L is above the secondary MCL of 50 ig/L, manganese is not considered to be a
contributor to the HI because the secondary MCL is based on aesthetic qualities and is not
federally enforceable.

6.2 SUMMARY OF THE YAKAMA NATION RISK ASSESSMENT

This section summarizes the results for each of the three exposure areas associated with use of
groundwater as a drinking water source and use of groundwater to make steam in a sweat lodge.

6.2.1 Use of Groundwater as a Potential Drinking Water Source

Exposure to groundwater as a drinking water source is evaluated using the following potential
routes of exposure: ingestion, inhalation, and dermal contact (nonradionuclides only) of volatiles
during household activities. Table 6-5 provides a summary of the risk estimates by exposure
route for the 5-Year data set. Table 6-6 provides a summary of the risk estimates by exposure
route for the 5-Year data set. The results of 10-Year data set are provided for comparison
purposes only. Additional detail including COPC-specific risk contributions are provided in the
electronic spreadsheet attachments.
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Table 6-5. Yakama Nation Exposure Scenario -Summary of Risk Estimates from Use of
Groundwater as a Potential Drinking Water Source (5-Year Groundwater Data Set)

Far-Field Exposure Area Near-Field Exposure Area River Exposure Area

Exposure Route ELCR HI ELCR HI ELCR HI

Nonradionuclide COPCs

Ingestion 3.5E-04 2.3 5.7E-04 7.9 5.5E-04 2.2

Inhalation 3.1E-07 <0.01 5.3E-07 <0.01 2.8E-07 <0.01

Dermal 1.1E-05 0.043 9.5E-06 0.82 1.8E-06 0.016

Total 3.6E-04 2.4 5.8E-04 8.7 5.5E-04 2.3

Radionuclide COPCs

Ingestion 1.4E-03 -- 1.3E-03 -- 4.OE-04 --

Inhalation 1.2E-04 - 7.3E-05 -- 3.3E-05 --

Total 1.5E-03 - 1.4E-03 -- 4.3E-04 -

Total ELCRa 1.9E-03 -- 2.OE-03 -- 9.8E-04 -

Notes:
a. Sum of total ELCR values for nonradionuclides and radionuclides.
-- = Indicates HI not applicable.
COPC = contaminant of potential concern.
HI = hazard index.
ELCR = excess lifetime cancer risk.

Table 6-6. Yakama Nation Exposure Scenario - Summary of Risk Estimates from Use of
Groundwater as a Potential Drinking Water Source (10-Year Groundwater Data Set)

Far-Field Exposure Area Near-Field Exposure Area River Exposure Area

Exposure Route ELCR HI ELCR HI ELCR HI

Nonradionuclide COPCs

Ingestion 4.5E-04 2.8 5.8E-04 10 5.5E-04 2.3

inhalation 7.OE-07 <0.01 8.2E-07 <0.01 6.9E-07 <0.01

Dermal 1.5E-05 0.051 1.1E-05 0.93 1.9E-06 0.016

Total 4.6E-04 2.9 5.9E-04 11 5.5E-04 2.3

Radionuclide COPCs

Ingestion 2.5E-03 - 1.5E-03 - 3.4E-04 -
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Table 6-6. Yakama Nation Exposure Scenario - Summary of Risk Estimates from Use of
Groundwater as a Potential Drinking Water Source (10-Year Groundwater Data Set)

Far-Field Exposure Area Near-Field Exposure Area River Exposure Area

Exposure Route ELCR HI ELCR HI ELCR HI

Inhalation 2.3E-04 - 8.9E-05 - 2.8E-05 -

Total 2.8E-03 - 1.5E-03 -- 3.7E-04 -

Total ELCRa 3.2E-03 -- 2.1E-03 - 9.2E-04 -

Notes:
a. Sum of total ELCR values for nonradionuclides and radionuclides.
-- = Indicates HI not applicable.
COPC = contaminant of potential concern.
HI = hazard index.
ELCR = excess lifetime cancer risk.

6.2.1.1 Far-Field Exposure Area

The cumulative ELCRs for the far-field exposure area 5-year data set are 3.6 x 1 0 4 for
nonradiological COPCs and 1.5 x 10-3 for radiological COPCs. Both ELCRs are greater than the

EPA upper target risk threshold of 1 x 10-4. The individual ELCR value for tritium is greater than

the EPA upper target risk threshold of 1 x 10-4.The individual ELCR values for carbon
tetrachloride, iodine-129, technetium-99, tetrachloroethene, and trichloroethene are within the
EPA range of 1 x 10-4 to 1 x 10-6. The HI for the far-field exposure area 5-year data set is 2.4,
which is greater than the EPA target HI of 1.0. No individual COPCs in the 200-PO-1 far-field
exposure area 5-year data set had a HQ greater than the EPA target HI of 1.0.

Although the individual ELCR value for 1,4-dioxane is within the EPA range of 1 x 10 -4 to
1 x 10-6, 1,4-dioxane is not considered to be a contributor to the ELCR. 1,4-Dioxane was
detected in one of 307 water samples at well 699-24-33 at a concentration of 8.1 tg/L with a
"B" data qualifier, indicating that the detection was a result of laboratory contamination.

Although the individual ELCR value for arsenic is greater than EPA's regulatory target risk
threshold of 1 x10-4 , the 95 UCL value of 3.1 ig/L is considered to be within the range of
naturally occurring concentrations of arsenic. Therefore, arsenic is not considered a contributor
to risk.

Although the individual ELCR value for bis(2-ethylhexyl) phthalate is within the EPA range of
1 x 10-4 to 1 x 10-6, bis(2-ethylhexyl) phthalate is not considered to be a contributor to the ELCR.
Bis(2-ethylhexyl) phthalate was detected in one of 31 water samples at well 699-32-22B at a

concentration of 1 ptg/L and is not considered to be associated with a trend or local exposure
point.

Although the individual ELCR value for methylene chloride is within the EPA range of 1 x 104

to 1 x 10-6, methylene chloride is not considered to be a contributor to the ELCR. Methylene
chloride was detected in 11 of 365 water samples with concentrations ranging from 1.0 to
88pg/L. All detected results were associated with a "B" data qualifier, indicating that the
detections were a result of laboratory contamination.
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Although the individual ELCR value for protactinium-231 is within the EPA range of 1 X 10-4 to
1 x 10-6, protactinium-231 is not considered to be a contributor to the ELCR. Protactinium-231
was detected in two of 11 water samples at wells 699-33-56 and 699-46-21B at concentrations of
0.19 tg/L and 0.31 pg/L respectively, and is not considered to be associated with a trend or local
exposure point.

Although the individual ELCR value for strontium-90 is within the EPA range of 1 x 10-4 to
1 x 10-6, strontium-90 is not considered to be a contributor to the ELCR. Strontium-90 was
detected in one of 68 water samples at well 699-26-33 at a concentration of 0.6 pg/L and is not
considered to be associated with a trend or local exposure point.

The individual ELCR value associated with tributyl phosphate is within the EPA range of 1 x 10-4

to 1 x 10-6. Tributyl phosphate does not originate from a 200-PO-1 OU source instead it
originates from the 618-10 burial ground therefore it is not considered to be a contributor to risk
or HI.

6.2.1.2 Near-Field Exposure Area

The cumulative ELCRs for the near-field exposure area 5-year data set are 5.8 x 10-4 for
nonradiological COPCs and 1.4 x 10-3 for radiological COPCs. Both ELCRs are greater than the
EPA upper target risk threshold of 1 x 10-4 . The individual ELCR values for tritium and
technetium-99 are greater than the EPA upper target risk threshold of 1 x 1 0 -4. The individual
ELCR values for iodine- 129, strontium-90, and trichloroethene are within the EPA range of 1 x

10-4 to 1 x 10-6. The HI for the near-field exposure area 5-year data set is 8.7, which is greater
than the EPA target HI of 1.0. No individual COPCs in the 200-PO-1 near-field exposure area 5-
year data set had a HQ greater than the EPA target HI of 1.0.

Although the individual ELCR value for 1,2,3,4,7,8-hexachlorodibenzofuran is within the EPA
range of 1 x 104 to 1 x 10-6, 1,2,3,4,7,8-hexachlorodibenzofuran is not considered to be a
contributor to the ELCR. 1,2,3,4,7,8-Hexachlorodibenzofuran was detected in one of 7 water
samples at well 299-E17-25 at a concentration of 0.0000029 pIg/L and was flagged with a "QBJ"
indicating the result is an estimated value and the analyte was detected in both the QC blank and
the sample. Results of this evaluation suggest the presence of 1,2,3,4,7,8-
hexachlorodibenzofuran is the result of laboratory contamination.

Although the individual ELCR value for 1,2,3,6,7,8-hexachlorodibenzofuran is within the EPA
range of 1 x 10-4 to 1 x 10-6, 1,2,3,6,7,8-hexachlorodibenzofuran is not considered to be a
contributor to the ELCR. 1,2,3,6,7,8-Hexachlorodibenzofuran was detected in one of 7 water
samples at well 299-E17-25 at a concentration of 0.0000021 ptg/L and is not considered to be
associated with a trend or local exposure point.

Although the individual ELCR value for 1,2-dichloroethane is within the EPA range of 1 x 104 to

1 x 10-6, 1,2-dichloroethane is not considered to be a contributor to the ELCR. 1,2-
Dichloroethane phthalate was detected in one of 34 water samples at well 299-El 7-25 at a
concentration of 0.64 pg/L and is not considered to be associated with a trend or local exposure
point.

Although the individual ELCR value for arsenic is greater than EPA's regulatory target risk
threshold of 1 x 10-4 and the HQ is greater than 1.0, the 95 UCL value of 5.8 4g/L is considered to
be within the range of naturally occurring concentrations of arsenic. Therefore, arsenic is not
considered a contributor to risk or hazard.
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Although the individual ELCR value for bis(2-ethylhexyl) phthalate is within the EPA range of
1 x 10-4 to 1 x 106, bis(2-ethylhexyl) phthalate is not considered to be a contributor to the ELCR.
Bis(2-ethylhexyl) phthalate was detected in one of 31 water samples at well 299-E25-39 at a
concentration of 11 tg/L with a "B" data qualifier, indicating that the detection was a result of
laboratory contamination.

Although the individual ELCR value for carbon tetrachloride is within the EPA range of 1 x 10-4

to 1 x 10-6, carbon tetrachloride is not considered to be a contributor to the ELCR. Carbon
tetrachloride was detected in three of 34 water samples with concentrations ranging between 0.13
pg/L and 1.8 pg/L and is not considered to be associated with a trend or local exposure point.

Although hexavalent chromium is reported with an HI greater than 1.0 it is not considered
contributors to the HI. Hexavalent chromium was only analyzed in three groundwater samples
and was not identified as a preliminary COPC in DOE/RL-2007-31, 2008, Remedial
Investigation/Feasibility Study Work Plan for the 200-PO- I Groundwater Operable Unit.

Although the individual ELCR value for protactinium-231 is within the EPA range of 1 x 10-4 to
1 x 10-6, protactinium-231 is not considered to be a contributor to the ELCR. Protactinium-231
was detected in one of 16 water samples at well 299-E13-17 at a concentration of 0.28 pig/L and
is not considered to be associated with a trend or local exposure point.

6.2.1.3 River Exposure Area

The cumulative ELCRs for the rive exposure area 5-year data set are 5.5 x 10-4 for
nonradiological COPCs and 4.3 x 10-4 for radiological COPCs. Both ELCRs are greater than the
EPA upper target risk threshold of 1 x 10-4. The individual ELCR value for tritium is greater to
the EPA upper target risk threshold of 1 x 1 0 -4. The individual ELCR values for strontium-90 and
technetium-99 are within the EPA range of 1 x 10-4 to 1 x 10-6.The HI for the river exposure area
5-year data set is 2.3, which is greater than the EPA target HI of 1.0. No individual COPCs in the
200-PO-1 river exposure area 5-year data set had a HQ greater than the EPA target HI of 1.0.

Although the individual ELCR value for arsenic is greater than EPA's regulatory target risk
threshold of 1 x10-4 and the HQ is greater than 1.0, the 95 UCL value of 5.8 pg/L is considered to
be within the range of naturally occurring concentrations of arsenic. Therefore, arsenic is not
considered a contributor to risk or hazard.

Although the individual ELCR value for carbon tetrachloride is within the EPA range of I x 10-4

to 1 x 10-6, carbon tetrachloride is not considered to be a contributor to the ELCR. Carbon
tetrachloride was detected in two of 29 water samples at well 699-20-E120 at concentrations of
0.27 pig/L and 0.28 ptg/L respectively, that is associated with the subject field blank and is not
considered to be associated with a trend or local exposure point.

Although the individual ELCR value for chloroform is within the EPA range of 1 x 10-4 to
1 x 10-6, chloroform is not considered to be a contributor to the ELCR. Chloroform was detected
in two of 29 water samples at well 699-20-E120 at concentrations of 0.62 psg/L and 2.3 pg/L
respectively, that is associated with the subject field blank and is not considered to be associated
with a trend or local exposure point.

6.2.2 Use of Groundwater as a Source of Steam for Sweat Lodge Use

Potential exposure to groundwater as a source of steam in a sweat lodge is evaluated under this
scenario. Potential routes of exposure to steam generated from groundwater include inhalation of
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vaporized volatiles and semivolatiles and aerosolized nonvolatiles and dermal contact with
vaporized volatiles, semivolatiles, and nonvolatiles and condensed liquid while spending time in a
sweat lodge. Table 6-7 provides a summary of the risk estimates by exposure route for the 5-
Year data set. Table 6-8 provides a summary of the risk estimates by exposure route for the 5-
Year data set. The results of 10-Year data set are provided for comparison purposes only.
Additional detail including COPC-specific risk contributions is provided in the electronic
spreadsheet attachments.
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Table 6-7. Yakama Nation Exposure Scenario-Summary of Risk Estimates from Use of Groundwater in a Sweat Lodge (5-
Year Groundwater Data Set)

200-PO-1 200-PO-1 200-PO-1
Exposure Route Groundwater Groundwater Groundwater

Operable Unit (Far- Operable Unit (Near- Operable Unit (River
Field Exposure Area) Field Exposure Area) Exposure Area)

ELCR HI ELCR HI ELCR Hi

Nonradionuclide COPCs

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles (vapor) 9.OE-06 <0.01 7.1E-06 <0.01 2.3E-06 <0.01

Nonvolatile (aerosol) 4.0E-04 22 2.4E-01 67 4.5E-04 25

Total 4.1E-04 22 2.4E-01 67 4.6E-04 25

Dermal Exposure in Sweat Lodge

Volatile and Semi-Volatiles (vapor only) 9.3E-09 <0.01 2.6E-09 <0.01 3.5E-10 <0.01

Nonvolatile (vapor and aqueous condensate) 2.4E-06 0.13 8.3E-05 2.7 4.3E-06 0.044

Total 2.4E-06 0.13 8.3E-05 2.7 4.3E-06 0.044

Total Nonradionuclide 4.1E-04 23 2.4E-01 70 4.6E-04 25

Radionuclide COPCs

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles (vapor) 7.6E-04 -- 4.5E-04 -- 2.OE-04 --

Nonvolatile (aerosol) 1.4E-04 -- 3.3E-04 - 1.7E-05 --

Total Radionuclide 9.OE-04 - 7.9E-04 -- 2.2E-04 -

Total ELCRa 1.3E-03 - 2.4E-01 - 6.8E-04 -
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Table 6-7. Yakama Nation Exposure Scenario-Summary of Risk Estimates from Use of Groundwater in a Sweat Lodge (5-
Year Groundwater Data Set)

200-PO-1 200-PO-1 200-PO-1

Exposure Route Groundwater Groundwater Groundwater
Operable Unit (Far- Operable Unit (Near- Operable Unit (River

Field Exposure Area) Field Exposure Area) Exposure Area)

ELCR HI ELCR HI ELCR HI

Notes:

c. Total ELCR represents the sum of the total nonradionuclide ELCR and the total
radionuclide ELCR.

- = Indicates HI not applicable.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
HI = hazard index.
ELCR = excess lifetime cancer risk.
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Table 6-8. Yakama Nation Exposure Scenario-Summary of Risk Estimates from Use of Groundwater in a Sweat Lodge (10-
Year Groundwater Data Set)

200-PO-1 200-PO-1 200-PO-1
Route Groundwater Groundwater Groundwater

Exposure Operable Unit (Far- Operable Unit (Near- Operable Unit (River
Field Exposure Area) Field Exposure Area) Exposure Area)

ELCR HI ELCR HI ELCR HI

Nonradionuclide COPCs

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles (vapor) 1.2E-05 0.014 9.4E-06 <0.01 5.7E-06 <0.01

Nonvolatile (aerosol) 4.0E-04 21 2.8E-01 95 4.5E-04 25

Total 4.1E-04 21 2.8E-01 95 4.6E-04 25

Dermal Exposure in Sweat Lodge

Volatile and Semi-Volatiles (vapor only) 1.8E-08 <0.01 4.1E-09 <0.01 5.1E-10 <0.01

Nonvolatile (vapor and aqueous condensate) 2.3E-06 0.14 8.3E-05 3.0 4.3E-06 0.044

Total 2.3E-06 0.14 8.3E-05 3.0 4.3E-06 0.044

Total Nonradionuclide 4.1E-04 21 2.8E-01 98 4.6E-04 25

Radionuclide COPCs

Inhalation in Sweat Lodge

Volatile and Semi-Volatiles (vapor) 1.4E-03 -- 5.6E-04 -- 1.7E-04 --

Nonvolatile (aerosol) 1.4E-04 - 3.2E-04 - 1.7E-05 -

Total Radionuclide 1.6E-03 - 8.8E-04 -- 1.9E-04 --
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Table 6-8. Yakama Nation Exposure Scenario-Summary of Risk Estimates from Use of Groundwater in a Sweat Lodge (10-
Year Groundwater Data Set)

200-PO-1 200-PO-1 200-PO-1

Exposure Route Groundwater Groundwater Groundwater
Operable Unit (Far- Operable Unit (Near- Operable Unit (River

Field Exposure Area) Field Exposure Area) Exposure Area)

ELCR HI ELCR HI ELCR HI

Total ELCRa 2.OE-03 - 2.8E-01 - 6.5E-04 --

Notes:

d. Total ELCR represents the sum of the total nonradionuclide ELCR and the total
radionuclide ELCR.

-- = Indicates HI not applicable.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
HI = hazard index.
ELCR = excess lifetime cancer risk.
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6.2.2.1 Far-Field Exposure Area

The cumulative ELCR for the far-field exposure area 5-year data set is 4.1 x 1 0 4 for
nonradiological COPCs and 9.0 x 10-4 for radiological COPCs, which is greater than the EPA
upper target risk threshold of 1 x 10-4 . The individual ELCR value for tritium is greater than the
EPA upper target risk threshold of 1 x 10-4. Individual ELCRs associated with iodine-129,
nickel, technetium-99, and trichloroethene are within the EPA range of 1 x 10-4 to 1 X 10-6. The
HI for the far-field exposure area is 23, which is greater than the EPA target HI of 1.0. The
primary contributor to the noncancer HI is nickel, with a HQ of 1.2.

Although the individual ELCR value for 1,4-dioxane is within the EPA range of 1 X 10-4 to
1 x 10-6, 1,4-dioxane is not considered to be a contributor to the ELCR. 1,4-Dioxane was
detected in one of 307 water samples at well 699-24-33 at a concentration of 8.1 pg/L with a
"B" data qualifier, indicating that the detection was a result of laboratory contamination.

Although the individual ELCR value associated with arsenic is greater than the EPA's regulatory
target risk threshold of 1 x 10-4 and the HQ is greater than 1.0, the 95 UCL value of 3.1 ptg/L is
considered to be within the range of naturally occurring concentrations. Therefore, arsenic is not
considered to be a contributor to risk or HI.

Although the individual HQ associated with barium is greater than 1.0, the 95 UCL value of
73 ptg/L is considered to be within the range of naturally occurring concentrations of barium.
Therefore, barium is not considered a contributor the HI.

The individual ELCR value associated with cadmium is within the EPA range of 1 x 10-4 to 1 x
10-6 and the HQ is greater than 1.0. Cadmium is not considered a contributor to risk or HI
because the analytical method used to measure cadmium is not considered reliable.

Although the individual HQ associated with manganese is greater than 1.0, manganese is not
considered to be a contributor to the HI because the 95 UCL value of 10 pg/L is below the
secondary MCL of 50 ptg/L and the secondary MCL is based on aesthetic qualities and is not
federally enforceable.

Although the individual ELCR value for protactinium-231 is greater than the EPA's regulatory
target risk threshold of 1 x 10-4, protactinium-231 is not considered to be a contributor to the
ELCR. Protactinium-231 was detected in two of 11 water samples at wells 699-33-56 and 699-
46-21 B at concentrations of 0.19 pg/L and 0.31 ptg/L respectively, and is not considered to be
associated with a trend or local exposure point.

6.2.2.2 Near-Field Exposure Area

The cumulative ELCR for the near-field exposure area 5-year data set is 2.4 x 10-1 for
nonradiological COPCs and 7.9 x 1 0 4 for radiological COPCs, which is greater than the EPA
upper target risk threshold of 1 x 10-4. The individual ELCR values for cobalt, technetium-99,
and tritium are greater than the EPA upper target risk threshold of 1 X 104. Individual ELCRs
associated with nickel, iodine- 129, strontium-90, and trichloroethene are within the EPA range of
1 x 104 to 1 x 10-6. The HI for the near-field exposure area is 70, whic'is greater than the EPA
target HI of 1.0. The primary contributors to the noncancer HI are cobalt, nickel, and uranium,
which have HQs equal to or greater than 1.0.

Although the individual ELCR value for 1,2,3,4,7,8-hexachlorodibenzofuran is within the EPA
range of 1 x 10-4 to 1 x 10-6, 1,2,3,4,7,8-hexachlorodibenzofuran is not considered to be a
contributor to the ELCR. 1,2,3,4,7,8-Hexachlorodibenzofuran was detected in one of 7 water
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samples at well 299-El 7-25 at a concentration of 0.0000029 Ig/L and was flagged with a "QBJ"
indicating the result is an estimated value and the analyte was detected in both the QC blank and
the sample. Results of this evaluation suggest the presence of 1,2,3,4,7,8-
hexachlorodibenzofuran is the result of laboratory contamination.

Although the individual ELCR value for 1,2,3,6,7,8-hexachlorodibenzofuran is within the EPA
range of 1 x 10-4 to 1 x 10-6, 1,2,3,6,7,8-hexachlorodibenzofuran is not considered to be a
contributor to the ELCR. 1,2,3,6,7,8-Hexachlorodibenzofuran was detected in one of 7 water
samples at well 299-E17-25 at a concentration of 0.0000021 pIg/L and is not considered to be
associated with a trend or local exposure point.

Although the individual ELCR value for 1,2,3,4,6,7,8-heptachlorodibenzofuran is within the EPA
range of 1 x 10-4 to 1 x 10-6, 1,2,3,4,6,7,8-Heptachlorodibenzofuran is not considered to be a
contributor to the ELCR. 1,2,3,4,6,7,8-Heptachlorodibenzofuran concentrations ranged between
1.3E-06 ptg/L and 1.2E-05 gg/L. 1,2,3,4,6,7,8-Heptachlorodibenzofuran was detected in 8 of 10
samples . Two results were flagged with a "J" indicating the results are estimated values, two
results were flagged with a "BJ" indicating the results are estimated values and the analyte was
detected in both the QC blank and the sample, one result was flagged with a "QJ" indicating the
result is an estimated value because one of the qualitative estimation criteria is not met, and 3
results were qualified with a "QBJ". Results of this evaluation suggest the presence of
1,2,3,4,6,7,8-heptachlorodibenzofuran concentrations are considered estimates or are the result of
laboratory contamination

Although the individual ELCR value for 1,2-dichloroethane is within the EPA range of 1 x 104 to
1 x 10-6, 1,2-dichloroethane is not considered to be a contributor to the ELCR. 1,2-
Dichloroethane phthalate was detected in one of 34 water samples at well 299-E17-25 at a
concentration of 0.64 ptg/L and is not considered to be associated with a trend or local exposure
point.

Although the individual ELCR value for arsenic is greater than EPA's regulatory target risk
threshold of I x 104 and the HQ is greater than 1.0, the 95 UCL value of 5.8 pg/L is considered to
be within the range of naturally occurring concentrations of arsenic. Therefore, arsenic is not
considered a contributor to risk or hazard.

Although the individual HQ associated with barium is greater than 1.0, the 95 UCL value of
53 gg/L is considered to be within the range of naturally occurring concentrations of barium.
Therefore, barium is not considered a contributor the HI.

Although the individual ELCR associated with beryllium is within the EPA range of 1 x 104 to
1 x 10-6, the 95UCL value of 0.34 gg/L is considered to be within the range of naturally occurring
concentrations of beryllium. Therefore, beryllium is not considered a contributor to the ELCR.

Although the individual ELCR value for bis(2-ethylhexyl) phthalate is within the EPA range of
1 x 104 to 1 x 10-6, bis(2-ethylhexyl) phthalate is not considered to be a contributor to the ELCR.
Bis(2-ethylhexyl) phthalate was detected in one of 31 water samples at well 299-E25-39 at a
concentration of 11 Ig/L with a "B" data qualifier, indicating that the detection was a result of
laboratory contamination.

Although the individual ELCR value for cadmium is within the EPA range of 1 x 104 to 1 x 10-6,
cadmium is not considered to be a contributor to the ELCR. Cadmium was detected three out of
373 samples at concentration ranging from 2.6 to 18 gg/L. All of the results were qualified with a
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laboratory qualifier of "B" indicating the presence of cadmium is likely attributed to laboratory or
field contamination.

Although the individual ELCR value associated with hexavalent chromium is greater than the
EPA's regulatory target risk threshold of 1 x 10-4 and the HQ is greater than 1.0, it is not
considered a contributor to risk or HI. Hexavalent chromium was only analyzed in three
groundwater samples and was not identified as a preliminary COPC in the 200-PO-1 OU work
plan (DOE/RL-2007-3 1).

Although the individual HQ associated with manganese is greater than 1.0, manganese is not
considered to be a contributor to the HI because the 95UCL value of 6.2 ptg/L is below the
secondary MCL of 50 gg/L and the secondary MCL is based on aesthetic qualities and is not
federally enforceable.

Although the individual ELCR value for plutonium-239/240 is within the EPA range of 1 x 10-4

to 1 x 10-6, plutonium-239/240 is not considered to be a contributor to the ELCR. Plutonium-
239/240 was detected and analyzed for in one sampling event at well 299-E24-23 at a
concentration of 0.029 tg/L, therefore plutonium-239/240 is not considered to be associated with
a trend or local exposure point.

Although the individual ELCR value for protactinium-231 is greater than the EPA's regulatory
target risk threshold of 1 x 1 0 -4, protactinium-231 is not considered to be a contributor to the
ELCR. Protactinium-231 was detected in one of 16 water samples at well 299-E13-17 at a
concentration of 0.28 ptg/L and is not considered to be associated with a trend or local exposure
point.

6.2.2.3 River Exposure Area

The cumulative ELCR for the river exposure area 5-year data set is 4.6 x 10-4 for nonradiological

COPCs and 2.2 x 1 0 -4 for radiological COPCs, which is greater than the EPA upper target risk

threshold of 1 x 10 -4. The individual ELCR value for tritium is greater than the EPA upper target
risk threshold of 1 x 10-4. Individual ELCRs associated with nickel, strontium-90, and
technetium-99 are within the EPA range of 1 x 10-4 to 1 X 10-6. The HI for the river exposure
area is 25, which is greater than the EPA target HI of 1.0. The primary contributor to the
noncancer HI is nickel, which has an HQ of 1.1.

Although the individual ELCR value associated with arsenic is greater than the EPA's regulatory
target risk threshold of 1 x 10-4 and the HQ is greater than 1.0, the 95 UCL value of 5.8 pg/L is
considered to be within the range of naturally occurring concentrations. Therefore, arsenic is not
considered to be a contributor to risk or HI.

Although the individual HQ associated with barium is greater than 1.0, the 95 UCL value of
49 gg/L is considered to be within the range of naturally occurring concentrations of barium.
Therefore, barium is not considered a contributor the HI.

Although the individual ELCR value for chloroform is within the EPA range of 1 x 10-4 to
1 x 10-6, chloroform is not considered to be a contributor to the ELCR. Chloroform was detected
in two of 29 water samples at well 699-20-E120 at concentrations of 0.62 ptg/L and 2.3 pg/L
respectively, that is associated with the subject field blank and is not considered to be associated
with a trend or local exposure point.

Although the individual HQ associated with manganese is greater than 1.0 and the 95 UCL value
of 65 pg/L is above the secondary MCL of 50 gg/L, manganese is not considered to be a
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contributor to the HI because the secondary MCL is based on aesthetic qualities and is not
federally enforceable.
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200-PO-1 Groundwater Operable Unit Far Field Exposure Area Native American Risk Assessment (5-Year)--Summary of CTUIR Drinking Water Exposure Scenario Noncancer Hazard Results for

Nonradioactive COPCs in Groundwater.

COPC ontaminant Concentration in Groundwat VOC? HQ (Inhalation) HQ (Ingestion) HQ (Dermal) Total HI %

C. (mg/L) (unitess) (unitess) (unitless) (unitess) Contribution

1,1,1-Trichloroethane 0.000691076 Yes 1.67E-06 1.97E-05 6.70E-07 2.21E-05 9.36E-04

1,1-Dichloroethane 0.000255649 Yes 4.41E-06 7.30E-05 1.28E-06 7.87E-05 0.0033

1,1-Dichloroethene 0.00016874 Yes 1.02E-05 1.93E-04 6.04E-06 2.09E-04 0.0089

1,2-Dichlorobenzene 0.003 Yes 1.81E-04 1.90E-03 6.23E-04 2.71E-03 0.11
1,4-Dichlorobenzene 0.000130957 Yes 1.98E-06 1.07E-04 3.58E-05 1.45E-04 0.0061

1,4-Dioxane 0.0081 -- --(b) 4.63E-03 8.31E-06 4.64E-03 0.20

2-Butanone 0.00055 Yes 1.33E-06 5.24E-05 2.48E-07 5.40E-05 0.0023

2-Pentanone, 4-Methyl 0.00064 Yes 2.58E-06 4.57E-04 7.30E-06 4.67E-04 0.020

Acetone 0.001511507 Yes 5.89E-07 9.60E-05 - 9.66E-05 0.0041

Arsenic 0.003140238 -- --(b) 5.98E-01 1.56E-03 6.OOE-01 25
Barium 0.072881156 -- --(b) 2.08E-02 7.76E-04 2.16E-02 0.92

Bis(2-ethylhexyl) phthalate 0.001 -- --(b) 2.86E-03 2.21E-03 5.07E-03 0.21

Cadmium 0.0045 -- --(b) 5.14E-01 2.68E-02 5.41E-01 23
Carbon disulfide 0.00021 Yes 3.63E-06 1.20E-04 1.06E-05 1.34E-04 0.0057
Carbon tetrachloride 0.000170123 Yes 1.08E-05 1.39E-02 1.86E-03 1.58E-02 0.67

Chloride 9.9702351 -- --(b) -- -- --

Chloroform 0.000214204 Yes 2.64E-05 1.22E-03 5.57E-05 1.31E-03 0.055

Chromium 0.009493374 -- --(b) 3.62E-04 7.26E-05 4.34E-04 0.018
Copper 0.004884201 -- --(b) 6.98E-03 1.82E-05 7.OOE-03 0.30

Fluoride 0.30080145 - --(b) 2.86E-01 7.48E-04 2.87E-01 12

Iron 0.12126178 - --(b) 9.90E-03 2.58E-05 9.92E-03 0.42

Lead 0.000581898 -- --(b) -- --

Manganese 0.015530827 -- (b) 3.70E-02 2.41E-03 3.94E-02 1.7

Methylene chloride 0.002069589 Yes 2.50E-05 1.97E-03 3.70E-05 2.03E-03 0.086

Nickel 0.006014142 - -- (b) 1.72E-02 2.24E-04 1.74E-02 0.74

Nitrate 23.863649 - --(b) 1.92E-01 5.01E-04 1.93E-01 8.2
Nitrite 0.081906164 - --(b) 1.56E-02 4.07E-05 1.56E-02 0.66

Silver 0.005776818 -- --(b) 6.60E-02 2.58E-03 6.86E-02 2.9

Strontium 0.38364144 - --(b) 3.65E-02 9.54E-05 3.66E-02 1.6

Sulfate 45.030868 - --(b) -

Tetrachloroethene 0.000872033 Yes 3.90E-05 4.98E-03 1.49E-03 6.51E-03 0.28

Tributyl phosphate 0.012498806 - -- (b) 3.57E-03 - 3.57E-03 0.15
Trichloroethene 0.000433871 Yes 1.50E-04 -- - 1.50E-04 0.0063

Trichoromonofluoromethan
e 0.00058 Yes 1.00E-05 1.10E-04 1.08E-05 1.31E-04 0.0056

Uranium 0.016629145 -- --(b) 3.17E-01 8.27E-04 3.18E-01 13

Vanadium 0.012904693 - -- (b) 1.47E-01 3.85E-04 1.48E-01 6.3
Zinc 0.068859746 -- --(b) 1.31E-02 2.O5E-05 1.31E-02 0.56
Total 4.69E-04 2.31 04 4 2.36 100
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route
b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
HQ = hazard quotient.
HI = hazard index.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.

200-PO-1 Groundwater Operable Unit Far Field Exposure Area Native American Risk Assessment (5-Year)--Summary of CTUIR Drinking Water Exposure Scenario Cancer Risk Results for Nonradioactive

COPCs in Groundwter.
COPC ontaminant Concentration in Groundwat VOC? Risk (Inhalation) Risk (Ingestion) Risk (Dermal) Total Risk %

C. (mg/L) (unitless) (unitless) (unitless) (unitess) Contribution

1,1,1-Trichloroethane 0.000691076 Yes -

1,1-Dichloroethane 0.000255649 Yes -----

1,1-Dichloroethene 0.00016874 Yes -

1,2-Dichlorobenzene 0.003 Yes -- - -

1,4-Dichlorobenzene 0.000130957 Yes 1.74E-08 4.10E-08 1.48E-08 7.32E-08 0.022

1,4-Dioxane 0.0081 - --(b) 5.16E-06 1.00E-08 5.17E-06 1.6

2-Butanone 0.00055 Yes -

2-Pentanone, 4-Methyl 0.00064 Yes - - -

Acetone 0.001511507 Yes --

Arsenic 0.003140238 - --(b) 2.73E-04 7.92E-07 2.74E-04 83

Barium 0.072881156 -- (b) - -

Bis(2-ethylhexyl) phthalate 0.001 - -- (b) 8.11E-07 6.76E-07 1.49E-06 0.45

Cadmium 0.0045 - -- (b) -

Carbon disulfide 0.00021 Yes -

Carbon tetrachloride 0.000170123 Yes 3.08E-08 1.28E-06 1.85E-07 1.50E-06 0.46

Chloride 9.9702351 - -- (b) -- -

Chloroform 0.000214204 Yes 5.95E-08 3.85E-07 1.89E-08 4.63E-07 0.14

Chromium 0.009493374 - -- (b) -

Copper 0,004884201 - -- (b)

Fluoride 0.30080145 - -- (b) --

Iron 0.12126178 - -- (b) - - -

Lead 0.000581898 -- -- (b) --

Manganese 0.015530827 -- -- (b) -- --

Methylene chloride 0.002069589 Yes 1.18E-08 9.00E-07 1.82E-08 9.30E-07 0.28

Nickel 0.006014142 - -(b) -- -

Nitrate 23.863649 - -- (b) -- -

Nitrite 0.081906164 - -- (b) --

Silver 0.005776818 -- (b) -- -

Strontium 0.38364144 -- (b) -- - -

Sulfate 45.030868 --(b) -- --

Tetrachloroethene 0.000872033 Yes 6.22E-08 2.73E-05 8.77E-06 3.61E-05 11

Tributyl phosphate 0.012498806 -- (b) 6.66E-06 6.66E-06 2.0

Trichloroethene 0.000433871 Yes 1.31E-07 2.24E-06 2.09E-07 2.58E-06 0.78

Trichoromonofluoromethan
e 0.00058 Yes - --

Uranium 0.016629145 --(b) -- --

Vanadium 0.012904693 - -- (b)

Zinc 0.068859746 -(b) -

Total ELCR 3.13E-07 3.18E-04 1.07E-05 3.29E-04 100

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

Attachment A, Page A-1
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SVOC = semivolatile organic compound.
VOC = volatile organic compound.
ELCR = excess lifetime cancer risk.

200-PO-1Groundwater Operable Unit Far Field Exposure Area Native American Risk Assessment (5-Year)-Summary of CTUIR Drinking Water Exposure Scenario Cancer Risk Results

for Radioactive COPCs in Groundwater.

COPC Dntaminant Concentration in Groundwat Volatile?" Risk (Inhalation) Risk (Ingestion) Total Risk %

C. (pCi/L) (unitess) (unitess) (unitless) Contribution

Gross alpha 6.4100896 -- --(b) -- --

Gross beta 32.397036 -- --(b) -- -

Iodine-129 1.9883847 - --(b) 2.81E-05 2.81E-05 1.9
Nickel-63 4.07 -- --(b) 2.61E-07 2.61E-07 0.018
Protactinium-231 0.308 -- --(b) 5.10E-06 5.10E-06 0.35
Strontium-90 0.611 - --(b) 3.27E-06 3.27E-06 0.22

Technetium-99 93.996334 -- --(b) 2.47E-05 2.47E-05 1.7

Tritium 264106.86 Yes 1.17E-04 1.28E-03 1.40E-3 96

Total ELCR 1.17E-04 1.34E-03 1.46E-03 100

a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
ELCR = excess lifetime cancer risk.
VOC = volatile organic compound.

Attachment A, Page A-2
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area - CTUIR

Ingestion of Nonradioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

Ingestion Chronic Daily Intake CDI calculated mg/kg-day EPA 1989

Contaminant concentration in Drinking Water Cw contaminant-specific mg/L ECF-200PO1-09-2027

Average Body Weight BW 70 15kg Harris et a), 2004

Drinking Water Ingestion Rate IRW 4 1 Liters/day Harris et al, 2004

Calculated using the age
adjusted intake factors

Age-Adjusted Drinking Water Ingestion Rate IRWadj 4.057 L-yr/kg-day equation

Exposure Frequency EF 365 days/yr Harris et al, 2004

Exposure Duration ED 70 :6 yr Harris et al, 2004

Averaging time AT 70 -- yr Harris et al, 2004

RfDo Oral Reference Dose Chemcal Specific mg/kg-day EPA 2009

CSFo Oral Cancer Slope Factor Chemical Specific (mg/kg-day)t EPA 2009

CF2 Conversion Factor 365 days/year EPA 1989

Harris, 5, and B. Harper, 2004, Exposure Scenro for CTUIR Traditional Subsistence L ifeways .
ECF-200P1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA, 2009 EPA Region Ill Regional Screening Level downloaded December 2009. http://ww.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit C. CDI (noncarcinogen) RfD, HQ %

Far Field Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitess) Contribution

1,1,1-Trichloroethane 71-55-6 0.000691076 3.95E-05 2.00E+00 1.97E-05 8.53E-04
1,1-Dichloroethane 75-34-3 0.000255649 1.46E-05 2.00E-01 7.30E-05 0.0032
1,1-Dichloroethene 75-35-4 0.00016874 9.64E-06 5.00E-02 1.93E-04 0.0083
1,2-Dichlorobenzene 95-50-1 0.003 1.71E-04 9.00E-02 1.90E-03 0.082
1,4-Dichlorobenzene 106-46-7 0.000130957 7.48E-06 7.00E-02 1.07E-04 0.0046
1,4-Dioxane 123-91-1 0.0081 4.63E-04 1.00E-01 4.63E-03 0.20
2-Butanone 78-93-3 0.00055 3.14E-05 6.00E-01 5.24E-05 0.0023
2-Pentanone, 4-Methyl 108-10-1 0.00064 3.66E-05 8.OOE-02 4.57E-04 0.020
Acetone 67-64-1 0.001511507 8.64E-05 9.00E-01 9.60E-05 0.0041
Arsenic 7440-38-2 0.003140238 1.79E-04 3.OOE-04 5.98E-01 26
Barium 7440-39-3 0.072881156 4.16E-03 2.OOE-01 2.08E-02 0.90
Bis(2-ethylhexyl) phthalate 117-81-7 0.001 5.71E-05 2.00E-02 2.86E-03 0.12
Cadmium 7440-43-9 0.0045 2.57E-04 5.OOE-04 5.14E-01 22
Carbon disulfide 75-15-0 0.00021 1.20E-05 1.00E-01 1.20E-04 0.0052
Carbon tetrachloride 56-23-5 0.000170123 9.72E-06 7.OOE-04 1.39E-02 0.60
Chloride 16887-00-6 9.9702351 5.70E-01 -- --

Chloroform 67-66-3 0.000214204 1.22E-05 1.00E-02 1.22E-03 0.053
Chromium 7440-47-3 0.009493374 5.42E-04 1.50E+00 3.62E-04 0.016
Copper 7440-50-8 0.004884201 2.79E-04 4.00E-02 6.98E-03 0.30
Fluoride 16984-48-8 0.30080145 1.72E-02 6.006-02 2.86E-01 12
Iron 7439-89-6 0.12126178 6.93E-03 7.00E-01 9.90E-03 0.43
Lead 7439-92-1 0.000581898 3.33E-05 -- --

Manganese 7439-96-5 0.015530827 8.87E-04 2.40E-02 3.70E-02 1.6
Methylene chloride 75-09-2 0.002069589 1.18E-04 6.00E-02 1.97E-03 0.085
Nickel 7440-02-0 0.006014142 3.44E-04 2.00E-02 1.72E-02 0.74
Nitrate 14797-55-8 23.863649 1.36E+00 7.10E+00 1.92E-01 8.3
Nitrite 14797-65-0 0.081906164 4.68E-03 3.00E-01 1.56E-02 0.67
Silver 7440-22-4 0.005776818 3.30E-04 5.00E-03 6.60E-02 2.9
Strontium 7440-24-6 0.38364144 2.19E-02 6.00E-01 3.65E-02 1.6
Sulfate 14808-79-8 45.030868 2.57E+00 -- --

Tetrachloroethene 127-18-4 0.000872033 4.98E-05 1.00E-02 4.98E-03 0.22
Tributyl phosphate 126-73-8 0.012498806 7.14E-04 2.OOE-01 3.57E-03 0.15
Trichloroethene 79-01-6 0.000433871 2.48E-05 -- --

Trichloromonofluoromethane 75-69-4 0.00058 3.31E-05 3.00E-01 1.10E-04 00048
Uranium 7440-61-1 0.016629145 9.50E-04 3.006-03 3.17E-01 14
Vanadium 7440-62-2 0.012904693 737E-04 5.00E-03 1.47E-01 6.4
Zinc 7440-66-6 0.068859746 3.93E-03 3.00E-01 1.31E-02 0.57
Total 2.316+00 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Port A).

COPC = contaminant of potential concern.

HQ = hazard quotient.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cw CDI (carcinogen) CSF f Risk %
Far Field Exposure Area Nonradioactive COPC CAS I (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution

1,1,1-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichlorobenzene
1,4-Dichlorobenzene
1,4-Dioxane
2-Butanone
2-Pentanone, 4-Methyl
Acetone
Arsenic
Barium
Bis(2-ethylhexyl) phthalate
Cadmium
Carbon disulfide
Carbon tetrachloride
Chloride
Chloroform
Chromium
Copper
Fluoride
Iron
Lead
Manganese
Methylene chloride
Nickel
Nitrate
Nitrite

71-55-6
75-34-3
75-35-4
95-50-1
106-46-7
123-91-1
78-93-3

108-10-1
67-64-1

7440-38-2
7440-39-3
117-81-7

7440-43-9
75-15-0
56-23-5

16887-00-6
67-66-3

7440-47-3
7440-50-8

16984-48-8

7439-89-6
7439-92-1
7439-96-5

75-09-2
7440-02-0
14797-55-8
14797-65-0

0.000691076
0.000255649
0.00016874

0.003
0.000130957

0.0081
0.00055
0.00064

0.00111507
0.003140238
0.072881156

0.001
0.0045
0.00021

0.000170123
9.9702351

0.000214204
0.009493374
0.004884201
0.30080145
0.12126178

0.000581898
0.015530827
0.002069589
0.006014142

23.863649
0.081906164

4.01E-05
1.48E-05
9.78E-06
1.74E-04
7.59E-06
4.69E-04
3.19E-05
3.71E-OS
8.76E-05
1.82E-04
4.22E-03
5.80E-05
2.61E-04
1.22E-05
9.86E-06
5.78E-01
1.24E-05
5.50E-04
2.83E-04
1.74E-02
7.03E-03
3.37E-05
9.00E-04
1.20E-04
3.49E-04
1.38E+00
4.75E-03

5.40E-03
1.l10E-02

1.50E+00

1.40E-02

1.30E-01

3.10E-02

7. 50E-03

4.10E-08
5.16E-06

2.73E-04

8.11E-07

1.28E-06

3.85E-07

9.00E-07

0.013
1.6

86

0.26

0.40

0.12

0.28
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Silver 7440-22-4 0.005776818 3.35E-4 -- --

Strontium 7440-24-6 0.38364144 2.22E-02 --
Sulfate 14808-79-8 45.030868 2.61E+00 --

Tetrachloroethene 127-18-4 0000872033 5.05E-05 5.40E-01 2.73E-05 8.6
Tributyi phosphate 126-73-8 0.012498806 7.24E-04 9.20E-03 6.66E-06 2.1
Trichloroethene 79-01-6 0.000433871 2.51E-05 8.90E-02 2.24E-06 0.70
Trichloromonofluoromethane 75-69-4 0.00058 3.36E-05 -- --

Uranium 7440-61-1 0.016629145 9.64E-04 -- --

Vanadium 7440-62-2 0.012904693 7.48E-04 -- --

Zinc 7440-66-6 0.068859746 3.99E-03 -- --

Total ELCR 3.18E-04 100
EPA Region 3 Regional Screening Level tables downloaded January 2010. http://ww.epa.gov/reg3hwmd/risk/human/rb-concentration table/Generic Tables/index.htm

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA S40/1-89/002 Risk Assessment Guidancefor Superfund Voume k:Human Health Evaluation Manual (Port A).

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-S groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area - CTUIR

inhalation of Volatile Nonradioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source
EPA 2009b

mg/m for onecarcinogens,
Inhalation Chronic Daily Intake CDi calculated pg/m' for carcinogens

Contaminant concentration in drinking water C contaminant-specific mg/L ECF-200POI-09-2027

Exposure Time ET 0.580 - hours/day U.S. EPA, 2004

Exposure Frequency EF 365 days/yr Harris et al, 2004

Exposure Duration ED 70-yr Harris et al, 2004

Averaging Time AT 70 -- yr Harris et al, 2004

Andelman Volatilization Factor VF 0.5 m/kg U.S. EPA, 1991

Inhalation Reference Concentration RfC, Chemical Specific mg/mi EPA 2009a

Inhalation Unit fis IUR Chemical Specific (pg/m)i EPA 2009a

Ceoersion Factor CF1 365 days/year EPA 2009b

Concersion Factor CF2 0.042 1day/24 hours EPA 2009b

Harris, S, and B. Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence ifeways.

ECF-200PO-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

U.S. EPA, 2009a EPA Region iII Regional Screening Level downloaded December 2009, http://www.epa.gov/reg3hwmd/nsk/human/rb-oncentration table/GenericTables/indexhtm

U.S. EPA 2009b. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for inhalation Risk Assessment) Finui

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit Cw CDI (noncarcinogen) RfC' HQ %

Far Field Exposure Area Nonradioactive COPC CAS # Volatile' (mg/L) (mg/mi) (mg/mi) (unitless) Contribution

1,1,-Trichloroethane 71-55-6 Yes 0.000691076 8.35E-06 5.OOE+00 1.67E-06 0.36
.,1-Dichoroethane 75-34-3 Yes 0.000255649 3.09E-06 7.OOE-01 4.41E-06 0.94
,S-Dichlorethene 75-35-4 Yes 0.00016874 2.04E-06 2.OOE-01 1.02E-05 2.2

1,2-Dichlorobenzene 95-50-1 Yes 0.003 3.63E-05 2.00E-01 1.81E-04 39
1,4-Dichlorobenzene 106-46-7 Yes 0.000130957 1.58E-06 8.OOE-01 1.98E-06 0.42

1,4-Dioxane 123-91-1 0.0081 --(b) 3.60E+00 --(b)
2-Butanone 78-93-3 Yes 0.00055 6.65E-06 5.OOE+00 1.33E-06 0.28
2-Pentanone, 4-Methyl 108-10-1 Yes 0.00064 7.73E-06 3.OOE+00 2.58E-06 0.55

Acetone 67-64-1 Yes 0.001511507 183E-05 3.10E+01 5.89E-07 0.13
Arsenic 7440-38-2 -- 0.003140238 --(b) 1.50E-05 --(b)
Barium 7440-39-3 -- 0.072881156 --(b) 500E-04 -- (b)
Bis(2-ethylhexyl) phthalate 117-81-7 0.001 -(b) -- --(b)
Cadmium 7440-43-9 -- 0.0045 --(b) 1.OE-05 --(b)
Carbon disulfide 75-15-0 Yes 0.00021 2.54E-06 7.OOE-01 3.63E-06 0.77
Carbon tetrachloride 56-23-S Yes 0.000170123 2.06E-06 1.90E-01 1.08E-05 2.3
Chloride 16887-00-6 -- .9702351 --(b) ---- (b)

Chloroform 67-66-3 Yes 0.000214204 2.59E-06 9.80E-02 2.64E-05 5.6

Chromium 7440-47-3 -- 0.009493374 --(b) -- (b)

Copper 7"40-50-8 -- 0.004884208 --(b) -- --(b)
Fluoride 16984-48-8 -- 0.30080145 --(b) 1.30E-02 --(b)
Iron 7439-89-6 - 0.12126178 -- (b) ---- (b)
Lead 7439-92-1 -- 0.000581898 -- b) -- --(b)
Manganese 7439-96-5 -- 0.015530827 --(b) 5.OOE-05 -(b)
Methylene chloride 75-09-2 Yes 0.002069589 2.50E-05 1.OOE+00 2.50E-05 5.3

Nickel 7440-02-0 -- 0.006014142 -- (b) 9.OOE-05 -- b)

Nitrate 14797-55-8 -- 23.863649 -- b) ---- b

Nitrite 14797-65-0 -- 0.081906164 --(b) -- --(b)

Silver 7440-22-4 -. 0.005776818 --(b) -- --(b)

Strontium 7440-24-6 -- 0.38364144 --(b) --(b)

Sulfate 14808-79-8 -- 45.030868 --(b) -- (b)
Tetrachloroethene 127-18-4 Yes 0.000872033 1.0SE-05 2.70E-01 3.90E-05 8.3

Tributyl phosphate 126-73-8 -- 0.012498806 --(b) -- (b)

Trichloroethene 79-01-6 Yes 0.000433871 5.24E-06 3.50E-02 1.50E-04 32
Trichloromonofluoromethane 75-69-4 Yes 0.00058 7.01E-06 7.OOE-01 1.OOE-05 2.1
Uranium 7440-61-1 -- 0.016629145 --(b) 3.OSE-04 --(b)

Vanadium 7440-62-2 -- 0.012904693 --(b) -- --(b)

Tinc 7440-66-6 0.068859746 --(b) --- b
Total 4.69-04 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/nsk/human/rb-concentration table/GenericTables/index.htm

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

HQ = hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

Cancer risk calculation

200-PO-1Groundwater Operable Unit Cwf CDi(carcinogen) IUR' Risk

Far Field Exposure Area Nonradioactive COPC CAS 8 Volatile' (mg/L) j (/mI) (pg/m' (unitless) Contribution

L,,-Trichlorethate
1,1-Dichlnrnethane

1,1-Dirchloroethene
1,2-Dichlorobenne
,4-Dichlorobenzene

1,4- Dioxane

2- Butanone
2-Pentanone, 4-Methyl
Acetone
Arsenic
Barium
Bis2-ethylhexyl) phthalate
Cadmium
Carbon disulfide
Carbon tetrachloride
Chloride
Chloroform
Chromium
Copper

Fluoridetron

Lead
Manganese
Methylene chloride
Nickel
Nitrate
Nitrite
Siluer
Strontium
Sulfate
Tetrachloroethene

Tributyl phosphate
Trichloroethene

7 1-5 5-6
75-34-3
75-35-4
95-50-1
106-46-7
123-91-1
78-93-3
108-10-1

67-64-1
7440-38-2
7440-39-3
117-81-7

7440-43-9
75-15-0
56-23-5

16887-00-6
67-66-3

7440-47-3
7440-50-8

16984-48-8
7439-89-6
7439-92-1
7439-96-5
75-09-2

7440-02-0
14797-55-8
14797-65-0
7440-22-4
7440-24-6

14808-79-8
127-18-4
126-73-8
79-01-6

etYes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes

Von

es

Yes

Yes

0.000691076
0.000255649
0.00016874

0.003
0000130957

0.0081
0.00055
0.00064

0.001511507
0.003140238
0.072881156

0.001
0.0045

0.00021
0000170123
9.9702351

0.000214204
0.009493374
0004884201
0.30080145
0.12126178
0.000581898
0.015530827
0.002069589
0.006014142

23.863649
0081906164
0.005776818
0.38364144
45.030868

0.000872033
0.012498806
0.000433871

8.35E-03
3.09E-03
2.04E-03
3.63E-02
1.58E-03

--(b)
6.65E-03
7.73E-03
1.83 E-02

--(b)
--(b)
--(b)
--(b)

2.54E-03
2.06E-03

--(b)
2.59E-03

--(b)
--(b)
--(b)

--(b)

2.50E-02
--(b)
--(b)
--(b)

--(b)

1.05E-02

--(b)0
5.24E-03

1.10E-05
7.70E-06

4.30E-03

2.40E-06
1.80E-03

1.50E-05

2.30E-05

4.70E-07
2.60E-04

5.90E-06

2.50E-05

1.74E-08

--(b)

--k
--k
--k

5.95E-08

--(h)

5101SE-O8

--(b)
--(b)

--(b)
--k

6.22E-08
--(b)

1.31E-07

--(b)
--(b)
--(b)
--(b)
--(b)

1.38E-07

5.6

9.9

19

3.8

20

42
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Trichloromvnofluoromethane
Uranium
Vanadium
Zinc

75-69-4
7440-61-1
7440-62-2
7440-66-6

Yes 0.00058
0.016629145

-- 0.012904693
-- 0.068859746

7.01E-03
--(b) --fb)

--( b)

Total ELCR 3.13E-07 500

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm

bNonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.
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ECF-200PO1-09-2115 REV. 2

Nitrat 1479755-8D2.1-349 4.01E-03 -I1-
Ni3r43e 14797-65-0 0.084906114 1.38E-05 1 --

,1-8, 7440-22-4 0.00776818 1.82E-07 -- 0.04 --

30trontium 7440-24-6 0.3814144 3.45E-05 -- 0 --
11- 18 04808-0-1 4503086 7.57E-03

T08raco00r0W487 17-08-4 0.000872033 162E-05 1401-01 1 8.77-01 82
Triblph sph4a680 01-01-8 0.011448806 9.240E-03 0 --

Tri0h11r18768n8 7-01-6 0.000433831 135E-06 8.0-0 1 2.03E-03 20-

Tr,75700r.00n7037u0r00e8h848 05-69-4 0.44058 3.54E-01 -- 0 --

Uranium 740-1-1 -. 1-69145 2.7E0 -1-

Vanadium 744 622 .0290469 3 2.1E0 -1-

0,04 7440-1-6 0.068859746 6.10E-07 1 -

0T1HER 1.07E-05 100
63EPA8R8g43 35R8g.0na1 40re8n.n3 L80e7 38bles d4.n074d4d January 010. h303p://ww88 8p4 g4v/8885.hwmd/0isk/h73m830r-c0ncentrat740_.8abl0/Generi7_Tables/7nd88.333

--. = c .ic8.y crir8 n 018 nfynm sn kv- s-- r

U.S. EPA 20N4, Rk As= '-ntGud-ncefrSupefud VlMPP-I:H.-anH-lh E1.-t nManual(P-rE, Suppemntl G-P.n-efPr-1ralRkAssmn

ELC - -1s1 -1- mC.n-er-sk

Attachment A, Page A-8



ECF-200P01-09-2115 REV. 2

200-PO-1 groundwater operable unit Native American Risk Assessment(5-Year)--Far-field exposure area - CTUIR

Inhalation of Volatile Radioactive Compounds in Drinking Water - CTU IR

Intake Parameter Values Value
Factor Symbol Adult Chila Unit Reference

Chronic Daily Intake CDI calculated pCEPA 1989

Contaminant concentration in drinking water C, contaminant-specific pCi/I ECF-2DDPO-09-2027

Exposure frequency EF 365365 days/year Harris et al, 2004

Exposure duration ED 70 6 years Harris et.al, 2004

Inhalation Rate INH, 25 15 m/day Harris, 2008
Exposuretime ET 0.58 1 hr/day U.S. EPA,2004
Age Adjusted Exposure Time ETf hrs

Calculated using the
age adjusted intake

0.616 tactors equation

Radiation Age-adjusted inhalation rate jNH_RADO, 1690 m-yr/day
Calculated using the
age adjusted intake

factors equathon

Andelman Volatilization Factor VF 0.5 /kg US. EPA, 99

Radiation Inhalation of Volatiles Slope Factor Sf1 Chemical Specific risk/pCi U.S. EPA, 1997
Harris, SandB. Harper, 2004, ExposureScenariofor CTUIR Traditional Subsistence Lifeways.

Harris, S., 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

ECF-20PO1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 199. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.
U.S. EPA 191. Risk Assessment Guidance for Superfund, Volume 1; Human Health Evaluation Manual (Pat 8, Development of Risk-Based Preliminary Remediation Goals).
U.S. EPA, 1997 US EPA HealSt Effects Assessment Summary Tables HEAST) ty 1997 Update. EPA-540-R-97-036. uuly 1997.

Inhalation of Volatile Radioactive Constituents in Groundwater
200-PO-1 Groundwater Operable Unit Cw ZDI (radiological inhalation) SF Risk %

Far Field Exposure Area Radioactive COPC CAS # VOC" (pCi/) (pCi) (risk/pCi) (unitless) Contribution
Gross alpha 12587-46-1 - 6.4100896 -(b) -(b)
Gross beta 12587-47-2 - 32.397036 -- (b) -- (b)

lodine-129 15046-84-1 - .9883947 -- (b) 6.07E-11 --(b)

Nickel-63 13981-37-8 - 4.07 --(b) 1.64E-12 -(b)
Protactinium-231 14331-5-2 - 0.30 -b) 4SE-08 --ab)
5trontium-90 10098-97-2 0.611 -(b) 1.05E-10 -(b)

Technetium-99 14133-76-7 - 93.996334 -(b) 1.41E-11 -(b)

ritium 10028-17-8 Yes 264106.06 2.09E+09 I .62E-14 0.07E-04 100
Total ELCR .7E-04 550

' Radiological contaminants considered volatile for the groundwater inhalation pathway are operationally defined as those with a Henry's Law constant greaer than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.
U.S. EPA 1989. Risk assessmentguidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area - CTUIR

Ingestion of Radioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Factor Symbol Unit Value Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration in drinking water C., contaminant-specific pCi/I ECF-200P01-09-2027

Exposure frequency EF 365 365 days/year Harris et al, 2004

Exposure duration ED 70 6 years Harris et al, 2004

Drinking Water Ingestion Rate IRW 4 1 L/day Harris, 2008

Radiation Age-adjusted drinking water ingestion rate IRW_RADdJ 262 L-yr/day

Calculated using the

age adjusted intake

factors equation

lRadiation Ingestion of Water Slope Factor Sfo Chemical Specific risk/pCi U.S. EPA, 1997

Harris, S, and B. Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

Harris, S., 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.

Ingestion of Radioactive Constituents in Groundwater
200-PO-1 Groundwater Operable Unit Cw 4 (radiological ingesti SF Risk %

Far Field Exposure Area Radioactive COPC CAS # (pCi/L) (pCO) (risk/pCi) (unitless) Contribution

Gross alpha 12587-46-1 6.4100896 612,997
Gross beta 12587-47-2 32.397036 3,098,129 --

lodine-129 15046-84-1 1.9883847 190,149 1.48E-10 2.81E-05 2.1

Nickel-63 13981-37-8 4.07 389,214 6.70E-13 2.61E-07 0.020

Protactinium-231 14331-85-2 0.308 29,454 1.73E-10 5.10E-06 0.39

Strontium-90 10098-97-2 0.611 58,430 5.59E-11 3.27E-06 0.25

echnetium-99 14133-76-7 93.996334 8.99E+06 2.75E-12 2.47E-05 1.9

Tritium 10028-17-8 264106.86 2.53E+10 5.07E-14 1.28E-03 97

Total ELCR 1.31E-03 100

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

COPC = contaminant of potential concern.
ELCR excess lifetime cancer risk.

Attachment A, Page A-10

I



ECF-200P01-09-2115 REV. 2

200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (5-Year)--Summary of CTUIR Drinking Water Exposure Scenario Noncancer Hazard Results for Nonradioactive
COPCs in Groundwater.

COPC ontaminant Concentration in Groundwatt VOC? HQ (Inhalation) HQ (Ingestion) HQ (Dermal) Total HI %

C.(mg/L) (unitless) (unitless) (unitless) (unitless) Contribution
1,2,3,4,6,7,8-
Heptachlorodibenzodioxi
n 3.734E-09 -- --(b)

1,2,3,4,6,7,8-
Heptachlorodibenzofuran 5.66E-09 -- -- (b) -

1,2,3,4,7,8-
Hexachlorodibenzofuran 2.9E-09 --(b) -- --

1,2,3,6,7,8-
Hexachlorodibenzofuran 2.1E-09 -- --(b) --

1,2-Dichloroethane 0.00064 Yes 3.22E-06 1.83E-03 4.48E-05 1.88E-03 2.15E-02

2,3,4,6-Tetrachlorophenol 0.0077 --(b) 1.47E-02 -- 1.47E-02 1.68E-01
Aluminum 0.046776593 - --(b) 2.67E-03 6.98E-06 2.68E-03 3.07E-02
Arsenic 0.00579213 - --(b) 1.10E+00 2.88E-03 1.11E+00 12.67
Barium 0.053448218 --(b) 1.53E-02 5.69E-04 1.58E-02 0.182
Beryllium 0.000342265 - -(b) 9.78E-03 3.65E-03 1.34E-02 0.15
Bis(2-ethylhexyl)
phthalate 0.011 - --(b) 3.14E-02 2.43E-02 5.57E-02 0.638
Cadmium 0.002729138 - --(b) 3.12E-01 1.63E-02 3.28E-01 3.8
Carbon tetrachloride 0.000282669 Yes 1.80E-05 2.31E-02 3.09E-03 2.62E-02 0.3000
Chloride 12.62269 -- (b) - -

Chloroform 0.00038106 Yes 4.70E-05 2.18E-03 9.92E-05 2.32E-03 2.66E-02
Chromium 0.015259293 - -(b) 5.81E-04 1.17E-04 6.98E-04 0.008
Cobalt 0.004495239 - -(b) 8.56E-01 8.94E-04 8.57E-01 9.82
Copper 0.004447607 --(b) 6.35E-03 1.66E-05 6.37E-03 0.0730
Fluoride 0.2940596 --(b) 2.80E-01 7.31E-04 2.81E-01 3.217

Hexavalent Chromium 0.191 -- (b) 3.64E+00 7.60E-01 4.40E+00 50
Iron 0.090209963 --(b) 7.36E-03 1.92E-05 7.38E-03 0.0846
Lead 0.001548018 --(b) --

Manganese 0.006198141 - --(b) 1.48E-02 9.63E-04 1.57E-02 0.18
Nickel 0.011729633 --(b) 3.35E-02 4.37E-04 3.40E-02 0.389
Nitrate 34.098186 --(b) 2.74E-01 7.16E-04 2.75E-01 3.153
Nitrite 0.057119962 -- --(b) 1.09E-02 2.84E-05 1.09E-02 0.1250
Nitrogen in Nitrite and
Nitrate 14.7 - --(b) 5.25E-01 1.37E-03 5.26E-01 6.03

Octachlorodibenzofuran 9.9649E-09 - --(b) - --

Octachlorodibenzo-p-
dioxin 5.8071E-09 -- --(b)
Silver 0.005686587 --(b) 6.50E-02 2.54E-03 6.75E-02 0.77
Strontium 0.2694514 -- --(b) 2.57E-02 6.70E-05 2.57E-02 0.2948
Sulfate 64.094058 - -- (b)

Toluene 3.56519E-05 Yes 8.62E-08 2.55E-05 4.42E-06 3.00E-05 3.43E-04
Total petroleum
hydrocarbons -gasoline
range 0.05 - --(b) - -- -

Trichloroethene 0.000563286 Yes 1.94E-04 -- -- 1.94E-04 2.23E-03
Uranium 0.020191069 -- -(b) 3.85E-01 1.00E-03 3.86E-01
Vanadium 0.02186531 -- (b) 2.50E-01 6.52E-04 2.51E-01
Zinc 0.095789222 - -- (b) 1.82E-02 2.86E-05 1.83E-02 0.2094

Total 2.63E-04 7.91 0.82 8.73 93

- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

HQ = hazard quotient.

HI = hazard index.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (5-Year)--Summary of CTUIR Drinking Water Exposure Scenario Cancer Risk Results for Nonradioactive COPCs
in Groundwater.

COPC ontaminant Concentration in Groundwat VOC? Risk (Inhalation) Risk (Ingestion) Risk (Dermal) Total Risk

C, (mg/L) (unitless) (unitless) (unitless) (unitless) Contribution
1,2,3,4,6,7,8-
Heptachlorodibenzodioxi
n

1,2,3,4,6,7,8-
Heptachlorodibenzofuran

1,2,3,4,7,8-
Hexachlorodibenzofuran

1,2,3,6,7,8-
Hexachlorodibenzofuran
1,2-Dichloroethane

2,3,4,6-Tetrachlorophenol
Aluminum
Arsenic
Barium
Beryllium
Bis(2-ethylhexyl)
phthalate
Cadmium
Carbon tetrachloride
Chloride
Chloroform
Chromium
Cobalt
Copper
Fluoride

Hexavalent Chromium

3.734E-09

5.66E-09

2.9E-09

2.1E-09
0.00064

0.0077
0,046776593
0.00579213

0.053448218
0.000342265

0.011
0.002729138
0.000282669

12.62269
0.00038106

0.015259293
0.004495239
0.004447607

0.2940596

0.191

Yes

Yes

Yes

2.01E-07

--(b)

--(b)

--(b)

1.06E-07

--(b)
--(b)
-(b)

--(b)

--(b)

2.81E-07

4.26E-07

2.19E-06

1.58E-06
3.38E-06

5.04E-04

8.93E-06

2.13E-06

6.85E-07

8.92E-08

1.46E-06

7.44E-06

3.07E-07

3.36E-08

2.81E-07

4.26E-07

2.19E-06

1.58E-06
3.67E-06

5.05E-04

1.64E-05

2.49E-06

8.24E-07

0.052

0.080

0.41

0.30
0.68

94

3.1

0.46

0.15
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Iron 0.090209963 -- (b) --

Lead 0.001548018 - -(b) - - -

Manganese 0.006198141 -(b) -

Nickel 0.011729633 -- (b) -

Nitrate 34.098186 -- (b)

Nitrite 0.057119962 - -- (b) -

Nitrogen in Nitrite and
Nitrate 14.7 -- (b) - - -

Octachlorodibenzofuran 9.9649E-09 -- (b) 2.25E-08 2.25E-08 0.0042
Octachlorodibenzo-p-
dioxin 5.8071E-09 -- (b) 1.31E-08 1.31E-08 0.0024
Silver 0.005686587 -- (b) -- -

Strontium 0.2694514 - -- (b) -- --

Sulfate 64.094058 - -(b)
Toluene 3.56519E-05 Yes - -
Total petroleum
hydrocarbons -gasoline
range 0.05 -- (b) --

Trichloroethene 0.000563286 Yes 1.70E-07 2.91E-06 2.71E-07 3.35E-06 0.62
Uranium 0.020191069 -- (b) - -

Vanadium 0.02186531 -- (b) -
Zinc 0.095789222 -- (b) - -

Total ELCR 5.28E-07 5.26E-04 9.60E-06 5.36E-04 100

- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

ELCR = excess lifetime cancer risk.

200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (S-Year)--Summary of CTUIR Drinking Water Exposure Scenario Cancer Risk Results for
Radioactive COPCs in Groundwater.

COPC ontaminant Concentration in Groundwat Volatiley Risk (Inhalation) Risk (Ingestion) Total Risk %

C (pCi/L) (unitless) (unitless) (unitless) Contribution

Gross alpha 5.3264311 -- (b) -

lodine-129 2.708038 -- (b) 3.83E-05 3.83E-05 2.9

Plutonium-239/240 0.029 --(b) 3.74E-07 3.74E-07 0.028

Protactinium-231 0.28 - -- (b) 4.63E-06 4.63E-06 0.35

Strontium-90 4.3004432 -- (b) 2.30E-05 2.30E-05 1.7
Technetium-99 1667.3497 -- (b) 4.38E-04 4.38E-04 33
Tritium 156901.45 Yes 6.98E-05 7.61E-04 8.31E-04 62

Total 1CR 6.98E-05 1.22E-03 1.34E-03 100

a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

COPC = contaminant of potential concern.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Near-Field exposure area - CTUIR

Ingestion of Nonradioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

Ingestion Chronic Daily Intake CDI calculated mg/kg-day EPA 1989

Contaminant concentration in Drinking Water Cw contaminant-specific mg/L ECF-200P1-09-2027

Average Body Weight BW 70.0 15.0 kg Harris et al, 2004

Drinking Water Ingestion Rate IRW 4.0 1.0 Liters/day Harris et al, 2004
Calculated using the age
adjusted intake factors

Age-Adjusted Drinking Water Ingestion Rate IRWadj 4.057 L-yr/kg-day equation

Exposure Frequency EF 365 days/yr Harris et al, 2004

Exposure Duration ED 70 6 yr Harris et al, 2004

Averaging time AT 70 -- yr Harris et al, 2004

RfDo Oral Reference Dose Chemical Specific mg/kg-day EPA 2009

CSFo Oral Cancer Slope Factor Chemical Specific (mg/kg-day)- EPA 2009

CF2 Conversion Factor 365 days/year EPA 1989

Harris, 5, and B. Harper, 2004, Exposure Scenrio for CTUIR Traditional Subsistence Lifeways.

ECF-200P1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final.iOffice of Emergency and Remedial Response.

U.S. EPA, 2009 EPA Region Ill Regional Screening Level downloaded December 2009. http://ww.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cw CDI (noncarcinogen) RfD HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 3.734E-09 2.13E-10 -- --

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 5.66E-09 3.23E-10 -- --

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 2.9E-09 1.66E-10 -- --

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 2.1E-09 1.20E-10 -- --

1,2-Dichloroethane 107-06-2 0.00064 3.66E-05 2.OOE-02 1.83E-03 0.02
2,3,4,6-Tetrachlorophenol 58-90-2 0.0077 4.40E-04 3.OOE-02 1.47E-02 0.19
Aluminum 7429-90-5 0.046776593 2.67E-03 1.00E+00 2.67E-03 0.03
Arsenic 7440-38-2 0.00579213 3.31E-04 3.00E-04 1.10E+00 13.95
Barium 7440-39-3 0.053448218 3.05E-03 2.00E-01 1.53E-02 0.19
Beryllium 7440-41-7 0.000342265 1.96E-05 2.00E-03 9.78E-03 0.12
Bis(2-ethylhexyl) phthalate 117-81-7 0.011 6.29E-04 2.00E-02 3.14E-02 0.40
Cadmium 7440-43-9 0.002729138 1.56E-04 5.00E-04 3.12E-01 3.94
Carbon tetrachloride 56-23-5 0.000282669 1.62E-05 7.00E-04 2.31E-02 0.29
Chloride 16887-00-6 12.62269 7.21E-01 -- --

Chloroform 67-66-3 0.00038106 2.18E-05 1.00E-02 2.18E-03 0.03
Chromium 7440-47-3 0.015259293 8.72E-04 1.50E+00 5.81E-04 0.01
Cobalt 7440-48-4 0.004495239 2.57E-04 3.00E-04 8.56E-01 10.83
Copper 7440-50-8 0.004447607 2.54E-04 4.00E-02 6.35E-03 0.08
Fluoride 16984-48-8 0.2940596 1.68E-02 6.00E-02 2.80E-01 3.54
Hexavalent Chromium 18540-29-9 0.191 1.09E-02 3.00E-03 3.64E+00 46.01
Iron 7439-89-6 0.090209963 5.15E-03 7.00E-01 7.36E-03 0.09
Lead 7439-92-1 0.001548018 8.85E-05 -- --

Manganese 7439-96-5 0.006198141 3.54E-04 2.40E-02 1.48E-02 0.19
Nickel 7440-02-0 0.011729633 6.70E-04 2.00E-02 3.35E-02 0.42
Nitrate 14797-55-8 34.098186 1.95E+00 7.10E+00 2.74E-01 3.47
Nitrite 14797-65-0 0.057119962 3.26E-03 3.00E-01 1.09E-02 0.14
Nitrogen in Nitrite and Nitrate NO2+NO3-N 14.7 8.40E-01 1.60E+00 5.25E-01 6.64
Octachlorodibenzofuran 39001-02-0 9.9649E-09 5.69E-10 -- --

Octachlorodibenzo-p-dioxin 3268-87-9 5.8071E-09 3.32E-10 -- --

Silver 7440-22-4 0.005686587 3.25E-04 5.00E-03 6.50E-02 0.82
Strontium 7440-24-6 0.2694514 1.54E-02 6.00E-01 2.57E-02 0.32
Sulfate 14808-79-8 64.094058 3.66E+00 -- --

Toluene 108-88-3 3.56519E-05 2.04E-06 8.00E-02 2.55E-05 0.00
Total petroleum hydrocarbons - gasoline range TPHGASOLINE 0.05 2.86E-03 -- --

Trichloroethene 79-01-6 0.000563286 3.22E-05 -- --

Uranium 7440-61-1 0.020191069 1.15E-03 3.00E-03 3.85E-01 4.86
Vanadium 7440-62-2 0.02186531 1.25E-03 5.00E-03 2.50E-01 3.16
Zinc 7440-66-6 0.095789222 5.47E-03 3.00E-01 1.82E-02 0.23
Total 7.91E+00 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/Generic Tables/index.htm

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).

COPC = contaminant of potential concern.

HQ = hazard quotient.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cw CDI (carcinogen) CSF.' Risk %
Near-Field Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day)i (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin
1,2,3,4,6,7,8-Heptachlorodibenzofuran
1,2,3,4,7,8-Hexachlorodibenzofuran
1,2,3,6,7,8-Hexachlorodibenzofuran
1,2-Dichloroethane
2,3,4,6-Tetrachlorophenol
Aluminum
Arsenic
Barium
Beryllium
Bis(2-ethylhexyl) phthalate
Cadmium
Carbon tetrachloride
Chloride
Chloroform
Chromium
Cobalt
Copper
Fluoride
Hexavalent Chromium
Iron
Lead
Manganese
Nickel
Nitrate
Nitrite

35822-46-9
67562-39-4
70648-26-9
57117-44-9

107-06-2
58-90-2

7429-90-5
7440-38-2
7440-39-3
7440-41-7
117-81-7
7440-43-9

56-23-5
16887-00-6

67-66-3
7440-47-3
7440-48-4
7440-50-8

16984-48-8
18540-29-9
7439-89-6
7439-92-1
7439-96-5
7440-02-0

14797-55-8
14797-65-0

34.734-9
5.66E-09
2.9E-09
2.1E-09

0.00064
0.0077

0.046776593
0.00579213
0.053448218
0.000342265

0.011
0.002729138
0.000282669

12.62269
0.00038106
0.015259293
0.004495239
0.004447607

0.2940596
0.191

0.090209963
0.001548018
0.006198141
0.011729633

34.098186
0.057119962

2.16E-10
3.28E-10
1.68E-10
1.22E-10
3.71E-05
4.46E-04
2.71E-03
3.36E-04
3.10E-03
1.98E-05
6.38E-04
1.58E-04
1.64E-05
7.32E-01
2.21E-05
8.84E-04
2.61E-04
2.58E-04
1.70E-02
1.11E-02
5.23E-03
8.97E-05
3.59E-04
6.80E-04
1.98E+00
3.31E-03

1.30E+03
1.30E+03
1.30E+04
1.30E+04
9.10E-02

1.50E+00

1.40E-02

1.30E-01

3.10E-02

2.81E-07
4.26E-07
2.19E-06
1.58E-06
3.38E-06

5.04E-04

8.93E-06

2.13E-06

6.86E-07

0.053
0.081
0.42
0.30
0.64

96

1.7

0.40

0.13
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Nitrogen in Nitrite and Nitrate NO2+NO3-N 14.7 8.52E-01 -

Octachlorodibenzofuran 39001-02-0 9.9649E-09 5.78E-10 3.90E+01 2.25E-08 0.0043

Octachlorodibenzo-p-dioxin 3268-87-9 5.8071E-09 3.37E-10 3.90E+01 1.31E-08 0.0025

Silver 7440-22-4 0.005686587 3.30E-04 -

Strontium 7440-24-6 0.2694514 1.56E-02 - -

Sulfate 14808-79-8 64.094058 3.71E+00 -

Toluene 108-88-3 3.56519E-05 2.07E-06 -

Total petroleum hydrocarbons - gasoline range TPHGASOLINE 0.05 2.90E-03
Trichloroethene 79-01-6 0.000563286 3.26E-05 8.90E-02 2.91E-06 0.55

Uranium 7440-61-1 0.020191069 1.17E-03
Vanadium 7440-62-2 0.02186531 1.27E-03 - --

Zinc 7440-66-6 0.095789222 5.55E-03

Total ELCR 5.26E-04 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://ww.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year--Near-Field exposure area - CTUIR

Inhalation of Volatile Nonradioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source
EPA 2009b

mg/m' for noncarcinogens,

Inhalation Chronic Daily Intake CDI calculated ag/m' for carcinogens

Contaminant concentration in drinking water C, contaminant-specific mg/L ECF-200P01-09-2027

Exposure Time ET 0.580 -- hours/day U.S. EPA, 2004

Exposure Frequency EF 365 days/yr Harris et al, 2004

Exposure Duration ED 70 -- yr Harris et al, 2004

Averaging Time AT 70 - yr Harris et al, 2004

Andelman Volatilization Factor VF 0.5 m/kg U.S. EPA, 1991

Inhalation Reference Concentration RfC, Chemical Specific mg/m3 EPA 2009a

Inhalation Unit Risk IUR Chemical Specific (pg/m)' EPA 2009a

Conversion Factor CF1 365 days/year EPA 2009b

Conversion Factor CF2 0.042 lday/24 hours EPA 2009b

Harris,S, and B. Harper, 2004, Exposure Scenarofor CTUIR Traditional Subsistence Lifeways.

ECF-200PO1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

U.S. EPA, 2009a EPA Region III Regional Screening Level downloaded December 2009. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

U.S. EPA 2009b. RiskAssessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit Cw CDI (noncarcinogen) RfC' HQ %

Near-Field Exposure Area Nonradioactive COPC CASS B Volatile (mg/L) (mg/m') (mg/m) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 -- 3.734E-09 --(b) -- --(b)
1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 -- 5.66E-09 --(b) -- --(b)
1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 -- 2.9E-09 --(b) --(b)
1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 -- 2.1E-09 --(b) --- (b)
1,2-Dichloroethane 107-06-2 Yes 0.00064 7.73E-06 2.40E+00 3.22E-06 1.23
2,3,4,6-Tetrachlorophenol 58-90-2 0.0077 --(b) - -(b)
Aluminum 7429-90-5 -- 0.046776593 --(b) 5.OOE-03 --(b)
Arsenic 7440-38-2 -- 0.00579213 --(b) 1.50E-05--(b)
Barium 7440-39-3 0.053448218 --(b) 5.00E-04 --(b)
Beryllium 7440-41-7 -- 0.000342265 --(b) 2.00E-05 --(b)
Bis(2-ethylhexyl) phthalate 117-81-7 -- 0.011 --(b - --(b)
Cadmium 7440-43-9 -- 0.002729138 --(b) 1.E-05--(b)
Carbon tetrachloride 56-23-5 Yes 0.000282669 3.42E-06 1.90E-01 1.80E-05 6.8
Chloride 16887-00-6 12.62269 --(b) -- (b)
Chloroform 67-66-3 Yes 0.00038106 4.60E-06 9.80E-02 4.70E-05 18
Chromium 7440-47-3 -- 0.015259293 --(b) -- (b)
Cobalt 7440-48-4 -- 0.004495239 --(b) 6.OOE-06 --(b)
Copper 7440-50-8 -- 0.004447607 --(b) -- (b)
Fluoride 16984-48-8 -- 0.2940596 --(b) 1.30E-02--(b)
Hexavalent Chromium 18540-29-9 0.191 --(b) 100E-04 --(b)
Iron 7439-89-6 0.090209963 --(b) -(b)

Lead 7439-92-1 -- 0.001548018 -(b) -- (b)
Manganese 7439-96-5 0.006198141 --(b) 5.00E-05 --(b)
Nickel 7440-02-0 - 0.011729633 --(b) 9.OOE-05 --(b)
Nitrate 14797-55-8 34.098186 --(b) -(b)
Nitrite 14797-65-0 0.057119962 --(b) -- (b)
Nitrogen in Nitrite and Nitrate N02+NO3-N 14.7 --(b) -- (b)

Octachlorodibenzofuran 39001-02-0 9.9649E-09 --(b -b

Octachlorodibenzo-p-dioxin 3268-87-9 -- 5.8071E-09 --(b) -b

Silver 7440-22-4 -- 0.005686587 --(b) --(b)
Strontium 7440-24-6 0.2694514 --(b) -- (b)
Sulfate 14808-79-8 -- 64.094058 --(b) -- --(b)
Toluene 108-88-3 Yes 3.56519E-05 4.31E-07 5.OOE+00 8.62E-08 0.03
Total petroleum hydrocarbons - gasoline range TPHGASOLINE 0.05 --(b) -- --(b)
Trichloroethene 79-01-6 Yes 0.000563286 6.81E-06 3.50E-02 1.94E-04 74
Uranium 7440-61-1 -- 0.020191069 --(b) 3.OOE-04 --(b)
Vanadium 7440-62-2 -- 0.02186531 --(b) --(b)
Zinc 7440-66-6 0.095789222 --(b) - -- (b)
Total 2.63E-04 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

HQ = hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cm CDI (carcinogen) IUR] Risk%

Near-Field Exposure Area Nonradioactive COPC CAS # Volatilea (mg/L) (pg/m) (pg/m (unitless) Contributon
1,2,3,4,6,7,8-Heptachlorodibenzodioxin
1,2,3,4,6,7,8-He ptachvlIorodibe nzofu ran
1,2,3,4,7,8-Hexachlorodibenzofuran
1,2,3,6,7,8-Hexachlorodibenzofuran
1,2-Dichloroethane
2,3,4,6-Tet rac h loro p hen ol
Aluminum
Arsenic

Barium
Beryllium
Bis(2-ethylhexyl) phthalate
Cadmium
Carbon tetrachloride
Chloride
Chloroform
Chromium
Cobalt
Copper
Fluoride
Hexavalent Chromium
Iron
Lead
Manganese
Nickel
Nitrate

3T5822-46-9
67562-39-4
70648-26-9
57117-44-9

107-06-2
58-90-2

7429-90-5
7440-38-2
7440-39-3
7440-41-7
117-81-7

7440-43-9
56-23-S

16887-00-6
67-66-3

7440-47-3
7440-48-4
7440-50-8
16984-48-8
18540-29-9
7439-89-6
7439-92-1
7439-96-5
7440-02-0
14797-55-8

Yes

Yes

Yes

3.734E-09
5.66E-09
2.9E-09
2.1E-09
0.00064
0.0077

0.046776593
0.00579213

0.053448218
0.000342265

0.011
0.002729138
0.000282669

12.62269
0.00038106
0.015259293
0.004495239
0.004447607

0.2940596
0.191

0.090209963
0.001548018
0.006198141
0.011729633

34.098186

--(b)-(b)

-b)
7.73E-03

--(b)
3.42 E-03--(b)

4.60 E-03

-- (b)

--(b)
--(b)

-(b)

-- (b)

-- (b)

-- (b)

-- (b)

3.80E-01
3.80E-01
3.80E-00
3.80E-00
2.60E-05

4.30E-03

2.40E-03
2.40E-06
1.80E-03
1.50E-05

2.30E-05

9.OOE-03

8.40E-02

2.60E-04

2.01E-07

5.12 E-08
-- (b)

1.6-b7

38

10

20
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Nitrite 14797-65-0 -- 0.057119962 --(b) -- (b)
Nitrogen in Nitrite and Nitrate N02+NO3-N -- 14.7 --(b) -- (b)
Octachlorodibenzofuran 39001-02-0 -- 9.9649E-09 --(b) 1.14E-02 --(b)
Octachlorodibenzo-p-dioxin 3268-87-9 -- 5.8071E-09 --(b) 1.14E-02 --(b)
Silver 7440-22-4 -- 0.005686587 --(b) -- --(b)
Strontium 7440-24-6 -- 0.2694514 --(b) -- --(b)
Sulfate 14808-79-8 -- 64.094058 --(b) -- (b)
Toluene 108-88-3 Yes 3.S6S19E-05 4.31E-04 -- -

Total petroleum hydrocarbons - gasoline range TPHGASOLINE -- 0.05 -() -- --(b)
Trichloroethene 79-01-6 Yes 0.000563286 6.81E-03 2.50E-05 1.70E-07 32
Uranium 7440-61-1 -- 0.020191069 --(b) -- (b)
Vanadium 7440-62-2 0.02186531 --(b) -- -(b)
Zinc 7440-66-6 0.095789222 -- (b) -(b)
Total ELCR 5.28E-07 100
' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

bNonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year--Near-Field exposure area - CTUIR

Inhalation of Volatile Radioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Factor Symbol Adult Child Unit Reference

Chronic Daily Intake CDI calculated pC. EPA 1989

Contaminant concentration in drinking water C. contaminant-specific pCi/I ECF-200POI-09-2027
Exposure frequency EF 365 365 days/year Harris et al, 2004

Exposure duration ED 70 6 years Harris et al, 2004

Inhalation Rate INH 25 is m3/day Harris, 2008

Exposure time ET 0.58 1 hr/day U.S. EPA, 2004

Age Adjusted Exposure Time ETf hrs
Calculated using the
age adjusted intake

0.616 factors equation
Radiation Age-adjusted inhalation rate iNHRAD, 1690 m

t
-yr/day

Calculated using the
age adjusted intake
factors equation

Andelman Volatilination Factor VF 0.5 mn/kg U.S. EPA, 1991b

Radiation Inhalation of Volatiles Slope Factor SfI Chemical Specific risk/pCi U.S. EPA, 1997

Harris, S, andB. Harper, 2004, Exposure Scenariofor CTUIR TraditionalSubsistence Lifeways.

Harris, S., 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assesnment.

ECF-20DPO1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (PartA). interim Final. Office of Emergency and Remedial Response.

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal RiskAssessment)

Inhalation of Volatile Radioactive Constituents in Groundwater

200-PO-1Groundwater Operable Unit Cw ^Di (radiological inhalation) SF, Risk %

Near-Field Exposure Area Radioactive COPC CAS # VOc (pCi/L) J (pCi) (risk/pCi) (unitleus) Contribution
Gross alpha 12587-4-S - 5.3264311 --(b) -- -(b)
odine-129 15046-84-1 -- 2.708038 --(b) 6.07E-11 --b)
Plutonium-239/240 PU-239/240 0.029 -- (b) 3.33E-08 -(b)
Protactinium-231 14331-85-2 0.28 -- (b) 4.55E-08 --(b)

trontium-90 10098-97-2 4.3004432 -- (b) 1.05E-10 --(b)

Technetium-99 14133-76-7 - 1667.3497 -- (b) 1.41E-11- -(b)

Tritium 10028-17-8 yes 156901.45 1.24E+09 5.62E-14 6.9E-DS 1D
Total ELCR 6.RRE-OS too

Radiological contaminants considered volatile for the groundwater inhalation pathway are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway
U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

VOC volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Near-Field exposure area - CTUIR

Ingestion of Radioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Factor Symbol Unit Value Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration in drinking water C. contaminant-specific pCi/I ECF-200PO1-09-2027

Exposure frequency EF 365 365 days/year Harris et al, 2004

Exposure duration ED 70 6 years Harris et al, 2004

Drinking Water Ingestion Rate IRW 4 1 L/day Harris, 2008

Radiation Age-adjusted drinking water ingestion rate IRW_RAD~ad 262 L-yr/day

Calculated using the
age adjusted intake
factors equation

Radiation Ingestion of Water Slope Factor Sfo Chemical Specific risk/pCi U.S. EPA, 1997

Harris, S, and B. Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

Harris, S., 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

Ingestion of Radioactive Constituents in Groundwater

200-PO-1 Groundwater Operable Unit Cw I (radiological ingesti( SFo Risk %

Near-Field Exposure Area Radioactive COPC CAS # (pCi/L) (pCi) (risk/pCi) (unitless) Contribution
Gross alpha 12587-46-1 5.3264311 509,367 -- --

lodine-129 15046-84-1 2.708038 258,970 1.48E-10 3.83E-05 3.0
Plutonium-239/240 PU-239/240 0.029 2,773 1.35E-10 3.74E-07 0.030
Protactinium-231 14331-85-2 0.28 26,776 1.73E-10 4.63E-06 0.37
Strontium-90 10098-97-2 4.3004432 411,251 5.59E-11 2.30E-05 1.8
Technetium-99 14133-76-7 1667.3497 1.59E+08 2.75E-12 4.38E-04 35
Tritium 10028-17-8 156901.45 1.50E+10 5.07E-14 7.61E-04 60

Total ELCR 1.27E-03 100

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit River Unconfined Exposure Area Native American Risk Assessment (5-Year)-Summary of CTUIR Drinking Water Exposure Scenario Noncancer Hazard Results for
Nonradioactive COPCs in Groundwater.

COPC Contaminant Concentration in Groundwater VOC? HQ (Inhalation) HQ (Ingestion) HC(Dermal) Total HI %

C. (mg/L) (unitless) (unitless) (unitless) (unitless) Contribution
Acetone 0.0011 Yes 4.29E-07 6.98E-0S -- 7.03E-05 0.0031
Arsenic 0.005767892 --(b) 1.10E+00 2.87E-03 1.10E+00 49
Barium 0.0494S1657 - --(b) 1.41E-02 5.27E-04 1.47E-02 0.65

Carbon tetrachloride 0.000271961 Yes 1.73E-05 2.22E-02 2.97E-03 2.52E-02 1.1
Chloride 11.3727 --(b) -- -

Chloroform 0.000814875 Yes 1.OOE-04 4.66E-03 2.12E-04 4.97E-03 0.22
Chromium 0.009951236 -- --(b) 3.79E-04 7.61E-05 4.SSE-04 0.020
Copper 0.00597989 --(b) 8.54E-03 2.23E-05 8.56E-03 0.38
Fluoride 0.28680392 --(b) 2.73E-01 7.13E-04 2.74E-01 12
Iron 0.61057915 --(b) 4.98E-02 1.30E-04 5.OOE-02 2.2
Lead 0.0006805 - --(b) - - -

Manganese 0.041694118 -- --(b) 9.93E-02 6.48E-03 1.06E-01 4.7
Nickel 0.0056 -- --(b) 1.60E-02 2.09E-04 1.62E-02 0.72
Nitrate 28.582087 - --(b) 2.30E-01 6.OOE-04 2.31E-01 10
Nitrite 0.46 --(b) 8.76E-02 2.29E-04 8.78E-02 3.9
Strontium 0.38963943 - --(b) 3.71E-02 9.69E-05 3.72E-02 1.6
Sulfate 42.560202 - -- (b) - - -

Thallium 0.00037 - --(b) - -

Uranium 0.005589723 - --(b) 1.06E-01 2.78E-04 1.07E-01 4.7
Vanadium 0.016788235 -- --(b) 1.92E-01 5.01E-04 1.92E-01 8.5
Zinc 0.006671161 -- --(b) 1.27E-03 1.99E-06 1.27E-03 0.056
Total 1.18E-04 2.24 0.02 2.26 100
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

HQ = hazard quotient.

HI = hazard index.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

200-PO-1 Groundwater Operable Unit River Unconfined Exposure Area Native American Risk Assessment (5-Year)--Summary of CTUIR Drinking Water Exposure Scenario Cancer Risk Results for Nonradioactive COPCs

in Groundwater.

COPC Contaminant Concentration in Groundwater VOC? Risk (Inhalation) Risk (Ingestion) Risk (Dermal) Total Risk %

C, (mg/L) (unitless) (unitless) (unitless) (unitless) Contribution

Acetone 0.0011 Yes - -

Arsenic 0.005767892 --(b) S.01E-04 1.45E-06 5.03E-04 99
Barium 0.049451657 -- (b) -- -

Carbon tetrachloride 0.000271961 Yes 4.93E-08 2.05E-06 2.96E-07 2.39E-06 0.47
Chloride 11.3727 -- (b) - - -

Chloroform 0.000814875 Yes 2.26E-07 1.46E-06 7.19E-08 1.76E-06 0.35
Chromium 0.009951236 -- (b) - -

Copper 0.00597989 -- (b) - -

Fluoride 0.28680392 -- -- (b) - -- -

Iron 0.61057915 -- (b) -- - --

Lead 0.0006805 - --(b) - -

Manganese 0.041694118 -- (b) - --

Nickel 0.0056 - -- (b) -

Nitrate 28.582087 -- -- (b) - -

Nitrite 0.46 -- (b) -- - --

Strontium 0.38963943 -- (b) - -

Sulfate 42.560202 - -- (b) -

Thallium 0.00037 -- (b) - -

Uranium 0.005589723 - -- (b) - -

Vanadium 0.016788235 - -- (b) - -

Zinc 0.006671161 - -- (b) --

Total ELCR 2.76E-07 5.0;E-04 1.82E-06 5.07E-04 100

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.

CTUIR Confederated Tribes of the Umatilla Indian Reservation.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

ELCR = excess lifetime cancer risk.

200-PO-1Groundwater Operable Unit River Unconfined Exposure Area Native American Risk Assessment (5-Year)--Summary of CTUIR Drinking Water Exposure Scenario Cancer Risk Results

for Radioactive COPCs in Groundwater.

COPC Contaminant Concentration in Groundwater VOC? Risk (Inhalation) Risk (Ingestion) Total Risk %

C (pCi/L) (unitless) (unitless) (unitless) Contribution

Gross alpha 2.4 - -- (b) --

Gross beta 31.1 - -- (b) --

Strontium-90 2.60 --(b) 1.39E-05 1.39E-05 3.31
Technetium-99 121 -- (b) 3.18E-05 3.18E-05 7.6

Tritium 70,724 Yes 3.1SE-05 3.43E-04 3.74E-04 89

Total ELCR 3.1sE-05 3.89E-04 4.20E-04 100
' Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
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COPC = contaminant of potential concern.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--River exposure area - CTUIR

Ingestion of Nonradioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source
Ingestion Chronic Daily Intake CDI calculated mg/kg-day EPA 1989

Contaminant concentration in Drinking Water CW contaminant-specific mg/L ECF-200P01-09-2027

Average Body Weight BW 70 15 kg Harris et al, 2004

Drinking Water Ingestion Rate IRW 4.0 1.0 Liters/day Harris et al, 2004
Calculated using the age
adjusted intake factors

Age-Adjusted Drinking Water Ingestion Rate lRWadj 4.057 L-yr/kg-day equation

Exposure Frequency EF 365 days/yr Harris et al, 2004

Exposure Duration ED 70 8.0 yr Harris et al, 2004

Averaging time AT 70 -- yr Harris et al, 2004
RfDo Oral Reference Dose Chemical Specific mg/kg-day EPA 2009
CSFo Oral Cancer Slope Factor Chemical Specific (mg/kg-day)-

t  
EPA 2009

CF2 Conversion Factor 365 days/year EPA 1989

Harris, 5, and B. Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume : Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.
U.S. EPA, 2009 EPA Region Ill Regional Screening Level downloaded December 2009. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cw CDI (noncarcinogen) RfD HQ %
River Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution

Acetone 67-64-1 0.0011 6.29E-05 9.OOE-01 6.98E-05 0.0031
Arsenic 7440-38-2 0.005767892 3.30E-04 3.00E-04 1.10E+00 49
Barium 7440-39-3 0.049451657 2.83E-03 2.OOE-01 1.41E-02 0.63
Carbon tetrachloride 56-23-5 0.000271961 1.55E-05 7.00E-04 2.22E-02 0.99
Chloride 16887-00-6 11.3727 6.50E-01 -- --

Chloroform 67-66-3 0.000814875 4.66E-05 1.00E-02 4.66E-03 0.21
Chromium 7440-47-3 0.009951236 5.69E-04 1.50E+00 3.79E-04 0.017
Copper 7440-50-8 0.00597989 3.42E-04 4.OOE-02 8.54E-03 0.38
Fluoride 16984-48-8 0.28680392 1.64E-02 6.OOE-02 2.73E-01 12
Iron 7439-89-6 0.61057915 3.49E-02 7.OOE-01 4.98E-02 2.2
Lead 7439-92-1 0.0006805 3.89E-0S --
Manganese 7439-96-5 0.041694118 2.38E-03 2.40E-02 9.93E-02 4.4
Nickel 7440-02-0 0.0056 3.20E-04 2.00E-02 1.60E-02 0.71
Nitrate 14797-55-8 28.582087 1.63E+00 7.10E+00 2.30E-01 10
Nitrite 14797-65-0 0.46 2.63E-02 3.00E-01 8.76E-02 3.9
Strontium 7440-24-6 0.38963943 2.23E-02 6.00E-01 3.71E-02 1.7
Sulfate 14808-79-8 42.560202 2.43E+00 -
Thallium 7440-28-0 0.00037 2.11E-OR -

Uranium 7440-61-1 0.005589723 3.19E-04 3.00E-03 1.06E-01 4.8
Vanadium 7440-62-2 0.016788235 9.59E-04 S.00E-03 1.92E-01 8.6
Zinc 7440-66-6 0.006671161 3.81E-04 3.00E-01 1.27E-03 0.057
Total 2.2 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part A).

Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.

HQ = hazard quotient.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cw CDI (carcinogen) CSF Risk %

River Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day)~ (unitless) Contribution
Acetone 67-64-1 0.0011 6.38E-05 -
Arsenic 7440-38-2 0.005767892 3.34E-04 1.50E+00 5.01E-04 99
Barium 7440-39-3 0.049451657 2.87E-03 -
Carbon tetrachloride 56-23-5 0.000271961 1.58E-05 1.30E-01 2.05E-06 0.41
Chloride 16887-00-6 11.3727 6.59E-01 -
Chloroform 67-66-3 0.000814875 4.72E-05 3.10E-02 1.46E-06 0.29
Chromium 7440-47-3 0.009951236 5.77E-04 -
Copper 7440-50-8 0.00597989 3.47E-04 --
Fluoride 16984-48-8 0.28680392 1.66E-02 -
Iron 7439-89-6 0.61057915 3.54E-02
Lead 7439-92-1 0.0006805 3.94E-0 - --
Manganese 7439-96-5 0.041694118 2.42E-03
Nickel 7440-02-0 0.0056 3.25E-04
Nitrate 14797-55-8 28.582087 1.66E+00 -
Nitrite 14797-65-0 0.46 2.67E-02 --
Strontium 7440-24-6 0.38963943 2.260-02
Sulfate 14808-79-8 42.560202 2.47E+00 - --
Thallium 7440-28-0 0.00037 2.14E-05 - --
Uranium 7440-61-1 0.005589723 3.24E-04
Vanadium 7440-62-2 0.016788235 9.73E-04 -
Zinc 7440-66-6 0.006671161 3.87E-04
Total ELCR 5.05E-04 100
'EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).

Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 groundmater operable unit Native American Risk Assessment (5-Year)--River exposure area - CTUIR

Inhalation of Volatile Nonradioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value
Parameter Symbol Adult Child Unit Source

mg/M
3 

for noncarcnogens,
Inhalation Chronic Daily Intake CDI calculated pg/m3 for carcinogens EPA 2009b
Contaminant concentration in drinking water C, contaminant-specific mg/L ECF-200PO1-09-2027

Exposure Time ET 0.580 -- hours/day U.S. EPA, 2004

Exposure Frequency EF 365 days/yr Harris et al, 2004

Exposure Duration ED 70 -- yr Harris et al, 2004

Averaging Time AT 70 -- yr Harris et al, 2004
Andelman Volatilization Factor VF 0.5 m

5
/kg U.S. EPA, 1991

Inhalation Reference Concentration RfC, Chemical Specific mg/im EPA 2009a

Inhalation Unit Risk IUR Chemical Specific (pg/m
3
) I EPA 2009a

Conversion Factor CF1 365 days/year EPA 2009b

Conversion Factor CF2 0.042 1day/24 hours EPA 20090

Harris,S, andB. Harper, 2004,Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.

ECF-200PO1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010
U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).
U.S. EPA 2004. RiskAssessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)
U.S. EPA, 2009a EPA Region Ill Regional Screening Level downloaded December 2009. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

U.S. EPA 2009b. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation RiskAssessment) Final

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit C, CDI (noncarcinogen) RfC' HQ %
River Exposure Area Nonradioactive COPC CAS # Volatile' (mg/L) (mg/mn) (mg/m) (unitless) Contribution

Acetone 67-64-1 Yes 0.0011 1.33E-05 3.10E+01 4.29E-07 0.36
Arsenic 7440-38-2 - 0.005767892 -(b) 1.50E-05 --(b)
Barium 7440-39-3 - 0.049451657 --(b) 5.OOE-04 --(b)
Carbon tetrachloride 56-23-5 Yes 0.000271961 3.29E-06 1.90E-01 1.73E-05 15
Chloride 16887-00-6 - 11.3727 --(b) -- --(b)
Chloroform 67-66-3 Yes 0.000814875 9.85E-06 9.80E-02 1.00E-04 85
Chromium 7440-47-3 0.009951236 --(b) -- (b)
Copper 7440-50-8 - 0.00597989 --(b) -- --(b)
Fluoride 16984-48-8 -- 0.28680392 --(b) 1.30E-02 --(b)
Iron 7439-89-6 - 0.61057915 --(b) -- --(b)
Lead 7439-92-1 0.0006805 --(b) --(b)
Manganese 7439-96-5 -- 0.041694118 -(b) 5.OOE-05-(b)
Nickel 7440-02-0 0.0056 --(b) R9OE-05 --(b)
Nitrate 14797-55-8 -- 28.582087 --(b - --(b)
Nitrite 14797-65-0 0.46 --(b) -- (b)
Strontium 7440-24-6 - 0.38963943 --(b) -- (b)
Sulfate 14808-79-8 42.560202 --(b) -- --(b)
Thallium 7440-28-0 -- 0.00037 --(b) -- (b)
Uranium 7440-61-1 -- 0.005589723 --(b) 3.OOE-04 --(b)
Vanadium 7440-62-2 - 0.016788235 --(b) --(b)
Zinc 7440-66-6 0.006671161 --1) - -(b)
Total 1.1E-04 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/Generic Tables/index.htm

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final
COPC = contaminant of potential concern.

HQ = hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit C., CDI (cancer) IUR' Risk %
River Exposure Area Nonradioactive COPC CAS 6 VOC" (mg/L) ag/

3  
(pg/m)

3  
(unitless) Contribution

Acetone 67-64-1 Yes 0.0011 1.33E-02 -- -
Arsenic 7440-38-2 - 0.005767892 --(b) 4.30E-03--(b)
Barium 7440-39-3 -- 0.049451617 --(b) -- (b)
Carbon tetrachloride 56-23-5 Yes 0.000271961 3.29E-03 1.50E-0S 4.93E-08 18
Chloride 16887-00-6 11.3727 --(b) -- (b)
Chloroform 67-66-3 Yes 0.000814875 9.85E-03 2.30E-05 2.26E-07 82
Chromium 7440-47-3 0.009951236 --(b) -- (b)
Copper 7440-50-8 0.00597989 --(b) --(b)
Fluoride 16984-48-8 -- 0.28680392 --(b) -- (b)
Iron 7439-89-6 0.61057915 --(b) - --(b)
Lead 7439-92-1 -- 0.0006805 --(b) - --()
Manganese 7439-96-5 -- 0.041694118 --(b) -- (a)
Nickel 7440-02-0 -- 0.0056 --(b) 2.60E-04--(b)
Nitrate 14797-55-8 -- 28.582087 --(b) -- -(b)
Nitrite 14797-65-0 0.46 --(b) -- (b)
Strontium 7440-24-6 0.38963943 --(b) -- (b)
Sulfate 14808-79-8 42.560202 -(b) -(b)
Thallium 7440-28-0 -- 0.00037 -(b --(b)
Uranium 7440-61-1 0.005589723 --(b) -(b)
Vanadium 7440-62-2 - 0.016788235 --(b) -- (b)
Zinc 7440-66-6 -- 0.006671161 --(b) -()
Total ELCR 2.76E-07 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm
bNonvolatileconstituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.
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200-PO-1 groundwate operabl. unit Natrve Amencan Rite Assessment (5-Year)-Riverexposure area - CTUIR

Dermal Absorpt,n of Nnradioatve Compounds-i Drinking Water.- CTUIR

Intake Parameter Values Value

Paam.ete Symbol Adult I Child Unit Source
Contaminant concentration in Drnkung Water C. cuntamnat-specfic mg/L ECF-23OPO1-09-2027

Averge Body Weight Evil70 is kg HarrsPt .1, 2004

ExiposurTime ET 5 10hour/day U.S. EPA, 2004

LClcuated usmng-theage

adjusted mnake fact-r
E xposure Time (Age-Adjusted) ETadt 0616 hour/day equation

Surface Are. SA is,'" 6600 cm Harrs t 1, 2004

Calculated using the age

adjusted intake factors
Age-Adjustd Surface Are. SAadj 19,097 (cm- y-eent)/( kg-day) equtlo

E vent Frequency EV 1.0 1.0 Event/d ay s U.S. EPA, 2004

Exposure Frequency EF 365 days/yr Harrse .1, 2004

Exp.,ure Duration ED 7 . rHm ta,20

Aveagng time AT 70 -Yr Harrns t a1, 2"0

RfD. 04a ReferenceDs- Chemical Specific mg/kg-dy EPA 2009

CSFO 0r.1 Cancer Slope Factor Chemical Specific (mg/kg-day)- E PA 2009

Cnrsio Factor CF2 365 day/year 36 days = I year

Conversion fact.r CF3 O.M1 L/cm' 1 L = I000 cmn3

t. Time to reach steady state Chemical Specifi, hours EPA, 2004
8 Dermal Partition ing Constant Chemical Specific unaltess E PA, 2004

DA Absorbed Dse per EVent Chemical Specific {mng/cm-event) Calculated using dhermal

exposure to groundwater

equations as provded by
US. EPA, 2DD4

Kp Dermal PCrmeabrlrty Constant ChemEal Spercfc

FA Fractron Absorbed ChemrIal Speorfic
IL LagTme ChemialSperfic

Harrs, S, and B. Haper, 2004, Eapoure Scenooofon CTUIR Tr-aditiondl Subsistence rifeways.

ECF-20PO0-09-2027: Esposure Point Concentratron for nGoundwater Risk Assessment at the 200-PO- Operable Unrt. CHPRC 2010

U.S. EPA 1991- Risk Assetoment Guidarce forSuperfuod, Volume : H.uman HEaith Ealuation Manual CamB, Deuelopment of Riso-ased Prelrminary Remediation Goals).

U.S. EPA 2064. Risk Assessment GuIdance forSuperfund Volume : Human esHh Euluation Manual (Pant E, Supplemental Gurdance for etmEl Risk Assessment)

U.S. EPA 2009. Rsk Assessment Gurdanue for Supenfund Volume I: Human Health Evaluatron Manual (Part F, Supplementar Gurdance for Inhalafron Rsk Aseosment) Final

EPA, 2004

Absorbed Dermal Dose Calculatron

DA

Cw FA B'I , * noncane) DA (cancer)

(mg/m
t  

(mg/m
t
-

Contaminaotof Potentral Concern CAS SI(mg/L) norganro/organr' (uitless) (om/hour) (unitessl (hours/eoent) (hours) euent) eet)

Acetone 67-64-0 0.0011 0.000512 - -

Arsenrc 7440-38-2 0.005767892 INORGANIC 0001 - -- -. 3.35E-09 3.55E-09

B0um 7440-39-3 0.049451657 INORGANIC 0.001 - - - 2.87E-08 3.05E-08

Carbon tetrathloride 56-23-5 0.000271961 1 0.016 01 0.78 0.86 a.09E-89 .34E-09

Chlorde 16887-00-6 113727 INORGANIC 0.001 -- -- -- 6.60E6 7.01E-06

Chloroform 67-66-3 0.000814875 1 0.0068 0 0.5 1.19 8.25E-09 8.50E-09

Chromium 7440-47-3 0.009951236 INORGANIC 0.00 -- -- -- 5.77E-09 6.13E-09

Copper 7440-90-8 0.00597989 INORGANIC 0.001 - -- - 3.47E-09 3.68E-09

Fluonde 16984-48-8 0.28680392 INORGANIC 0.001 -- - 1.6E-07 1.77E-07

Iron 7439-89-6 0.61057915 INORGANIC 0.001 - 3.54E-07 33.76E07

Lead 7439-92-1 00006805 INORGANIC3 0.000 - - 9.95E-11 4.19E-11

Manganese 7439-96-5 0.041694118 INORGANIC 0001 - 2.42E-08 2.57E-08

Nrokel 7440-02-0 0.0056 INORGANIC 00002 6.50E-10 6.90E-10

Ntrate 14797-55-8 28.582087 INORGANICR 0.001 -- 66E-05 1.76E-CS

Ntrite 14797-65-0 0.46 INORGANIC 0001 - 2.67E-07 2.83E-07

Strontium 7440-24-6 0.38963943 INORGANIC 0001 -- - 2.26E-07 2.40E-07

Sulfate 04008-79-8 42.560202 INORGANIC - 0.001 - - 2.47E-05 2.62E-05

Thalrrm 7440-28-0 0.00037 INORGANIC- 0000 - - 2.15E-10 2.28E-10

Urnium 7440-61-1 0.005589723 INORGANIC 0-001 - - .24E-09 3.44E-09

Vanadium 7440-62-2 0.016788235 INORGANIC 0001 - - 9.74E-09 1.03E-08
Zint 7440-66-6 0.00667006 INORGANIC - 00006 - - 2.32E-09 2.47E-09

U.S. EPA 2004. Risk Assessment Gudance for Superfund Volume I Human heah Etaluatron Manual (Part E, Supplemental Gurdance for Dermal Rak Assessment)

EPA/540/R/99/005 Exhrbrt 3-1 (organrcs) and Exhibit &-2

EPA/540/R/99/005 Exhibrt 6-3

rho Kp alue .as taken from the Oak Radge Narronal Laboratry Rrk Assessment Infomoatron System database found at .rs.ornl.gou

Non-ancerHQ alculatron

200-PO-1Groundwater OperableUIt C. CDI(noncarcinogen) RfOD GIABS' HQ %

RrerEsposurereaNonradroactrueCOPC CAS 8N(mg/L) (mg/kg-day) (mg/k-da) (.un-tIes) (untiess) Contribution

Acetone 67-64-0 0.0011 - 9.006-010 --

Arsenro 7440-38-2 0.005767892 860E-07 3900E04 1 0.0029 18

Barum 7440-39-3 O.049451657 7.38E-06 2.00E-01 0.07 5.27E-04 3.3

Carbon tetrachlorrde 56-23-5 0.000271961 2.08E-06 700E-04 1 0.0030 18.68

Chlonde 16887-00-6 11.3727 170E-03 - 0 --

Chloroform 67-66-3 0.000814875 2.12E-06 0.00E-02 1 2.12E-04 1.3328

Chromium 7440-47-3 0.009951236 1.48E-06 1.50E+00 0.013 7.61E-05 0.48
Copper 7440-50-8 0.00597989 8.92E-07 400E-02 I 2.23E-05 0.14

Fluonide 16984-48-8 0.28680392 4.28E-05 600E-02 2 7.13E-04 4.5

Iron 7439-89-6 0.61057915 9.0E-C5 7.00E-01 0.30E-04 0.8
Lead 7439-92-1 0006805 1.01E08 I --

Manganese 7439-96-5 0.041694118 6.22E-06 2.40E-02 004 0.0065 41

Nrokel 7440-02-0 0.0056 0.67E-07 2.00E02 004 2.09E-04 .3

Nrtrate 14797-55- 28.582087 4.26E-03 7.10E+00 I 6.00E-04 3.8

Wtrte 14797-65- 0.40 6.86E-05 3.00E00 I 2.29E-04 1.4

Stont7440-24-6 0.38963943 5.81E-05 6.00E-00 1 9.69E-05 0.61
Sulfate 14808-79-8 42.560202 6.35E-03 --

Thallum 7440-28-0 0.00037 5.52E-08 -- 0 -

Uranum 7440-61-1 0.005589723 8.34E-07 3.00E-03 1 2.78E-04 1.7

Vanadrum 7440-62-2 0.016788235 2.50E-06 5.00E-03 0 5.00E-04 3.1

Zinc 7440-66-6 0.006671161 5.97E-07 3.00E-01 I 1.99E-06 0.003
Total 0.016 00
*EPA Regron 3 Regional Soroenrng Leoel tablesdownloadedJanuary 2010. http://www.epa.go/reg3hwmd/sk/human/rb-oncentrarn_tabl/Gene rTabres/rnde.htm

- =ndrcates Exccry critenanot.aalabletoquantfy contamrnant's noncancer hasard,,a thisexposuromoute.

E PA 540/0-89/002 Risk Assessment Guidncefor Superfund Volume I: Humon nnHlth Evolution Monual (Po /A).

COPC = contaminant of potentIaloonoem.

HQ-haardquotient.

Cancerskcalculat rn

200-OO-1GroundwaterOpenabreUnit C CDI (carcnogen) CSF, GIAS' Rusk %

RrAer EpOosune Area Nonradoactroe COPC CAS o Imf/L) (mg/kg-da) (mg/kg-day} (untIeso) (unrless) Contribution

Acetone 67-64-1 0.00111- 0 -

Arsenro 7440-38-2 0.005767892 9.69E-07 0.50E+00 0 1.45E-06 0
Bnum 7440-39-3 0.49451657 8.30E-06 -- 0.07
Carbonsetrachlorrde 56-23-5 0.000271961 2.27E-0 0.30E-1 1 2.96E-07 16

Chlorde 06887-00-6 11.3727 0.91E-03 --

Chloroform 67-66-3 0.000814875 2.32E-06 3.10E-02 1 7.19E-08 3.9

Chromoum 7440-47-3 0.009951236 0.67E-06 0013
Copper 7440-50-8 0.00597989 1.00E-06 I --

Fluorde 16984-48-8 0.286W0392 4.82E-05 - -

Iron 7439-89-6 0.61057915 1.03E-04 - -

Lead 7439-92-1 7.0006805 1.14E-08 0

Manganese 7439-96-5 004164118 7.01E-06 -- 0.04 -

Nrokel 7440-02-0 00056 1.88E-07 0.04 -

Nrtrate 14797-S5-8 28.582087 4.80E-03 --

Nrtrrte 14797-65-0 0.46 7.73E-SI -- 0

Strnm 7440-24-6 0.38963943 6.55E-05 1 --
Sulfate 14808-79-8 42.560202 7.05E-03

Thallrum 7440-28-0 0.00037 6.22E-08 1
Urnum 74401-1 0005589723 9.39E-07 0

Vanadrum 7440-62-2 0016788235 2.82E-06 1 -

ZrnE 7440-66-6 0.006671161 6.73E-07 1 --

Total ELC 0.826-06 00
A EPA Regron 3 Regional Screening Leel tablesdownloaded January 2010. http://www.epa.gov/reg3hwmd/Rsk/human/b-conoentraton_table/GenericTabes/rnde.htm
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- = indcaestoxicity criteranot aaiable to qantify contaminant'scancerskv.a thsexposrerote.
EPA 540/1-89/002 RiskAssessment GtidanceforSpenfnd Volume I: Human Health Evaluation Manual (PortA).

COPC = contaminant of potential concem.
ELCR=--xceset-mecancarnrsk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--River exposure area - CTUIR

Inhalation of Volatile Radioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value
Factor Symbol Adult Child Unit Reference

Chronic Daily Intake CDI calculated pC EPA 1989

Contaminant concentration in drinking water C, contaminant-specific pCi/I ECF-20P01-09-2027

Exposure frequency EF 365 365 days/year Harris et al, 2004

Exposure duration ED 70 6 years Harris et al, 2004
Inhalation Rate INH 25 i 5 m/day Harris, 2008

Exposure time ET 0. 1 h r/day U.S. EPA, 2004

Age Adjusted Exposure Time ET, hs
Calculated using the age
adusted intake factors

0.616 equation
Radiation Age-adjusted inhalation rate INHRADR, 1690 m

5
-yr/day

Calculated using the age
adjuted intake factors

___________________________________________________ _____________ _________________________equatequtio

Andelman Volatilization Factor VF 0.5 m
5
/kg U.S. EPA, 1991b

Radiation Inhalation of Volatiles Slope Factor Sf1 Chemical Specific isk/pCi U.S. EPA, 1997
Harris,S, andB. Harper, 2004, Exposure Scenariofor CTUIR TroditionolSubsistence Lifewoys.

Harris, S., 2008, Application of the CTUIR Troditional Lifeways Exposure Scenario in Hanford Risk Assessments .

ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.
U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals)

U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.

Inhalation of Volatile Radioactive Constituents in Groundwater

200-PO-1 Groundwater Operable Unit Cw CDI (radiological inhalation) SF, Risk %

River Exposure Area Radioactive COPC CAS # VOC (pCi/L) (pCi) (risk/pCi) lunitless) Contribution
Gross alpha 12587-46-1 -- 2.4 --(b) -- (b)
Gross beta 12587-47-2 -- 31.1 --(b) --(b)

Strontium-90 10098-97-2 -- 2.60 --(b) 1.05E-10 --(b)
Technetium-99 14133-76-7 121 --(b) 1.41E-11- -(b)
Tritium 10028-17-8 Yes 70,724 5.60E+08 5.62E-14 3.SE-05 100
Total ELCR 3.15E-05 100

Radiological contaminants considered volatile for the groundwater inhalation pathway are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway
U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.
COPC = contaminant of potential concern.

ELCR excess lifetime cancer risk.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--River exposure area - CTUIR

Ingestion of Radioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Factor Symbol Unit Value Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration in drinking water C, contaminant-specific pCi/I ECF-200PO1-09-2027

Exposure frequency EF 365 365 days/year Harris et al, 2004

Exposure duration ED 70 6 years Harris et al, 2004

Drinking Water Ingestion Rate IRW 4 1 L/day Harris, 2008

Radiation Age-adjusted drinking water ingestion rate IRW_RAD,5, 262 L-yr/day

Calculated using the
age adjusted intake
factors equation

Radiation Ingestion of Water Slope Factor Sfo Chemical Specific risk/pCi U.S. EPA, 1997

Harris, S, and B. Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.

Harris, S., 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.

Ingestion of Radioactive Constituents in Groundwater

200-PO-1 Groundwater Operable Unit Cw I (radiological ingestic SFo Risk %

River Exposure Area Radioactive COPC CAS # (pCi/L) (pCi) (risk/pCi) (unitless) Contribution

Gross alpha 12587-46-1 2.4 228,365 -- --

Gross beta 12587-47-2 31.1 2.97E+06 -- -

Strontium-90 10098-97-2 2.60 2.49E+05 5.59E-11 1.39E-05 4

Technetium-99 14133-76-7 121 1.16E+07 2.75E-12 3.18E-05 8

Tritium 10028-17-8 70,724 6.76E+09 5.07E-14 3.43E-04 88.2

Total ELCR 3.89E-04 100

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1Groundwater Operable Unit Far Field Exposure Area Native American Risk Assessment (5-Year)--Summary of Yakima Nation Drinking Water Exposure Scenario Noncancer Hazard Results for Nonradioactive

COPCs in Groundwater.
COPC ontaminant Concentration in Groundwat- VOC? HQ (inhalation) HQ (Ingestion) HC (Dermal) Total HI %

C. (mg/L) (unitless) (unitless) (unitless) (unitless) Contribution

1,1,1-Trichloroethane 0.000691076 Yes 1.67E-06 1.97E-05 1.88E-06 2.33E-05 9.88E-04
1,1-Dichloroethane 0.000255649 Yes 4.41E-06 7.30E-05 2.86E-06 8.03E-05 0.0034

1,1-Dichloroethene 0.00016874 Yes 1.02E-05 1.93E-04 1.33E-05 2.16E-04 0.0092
1,2-Dichlorobenzene 0.003 Yes 1.81E-04 1.90E-03 6.23E-04 2.71E-03 0.11
1,4-Dichlorobenzene 0.000130957 Yes 1.98E-06 1.07E-04 3.58E-05 1.45E-04 0.0061
1,4-Dioxane 0.0081 -- --(b) 4.63E-03 8.31E-06 4.64E-03 0.20

2-Butanone 0.00055 Yes 1.33E-06 5.24E-05 2.48E-07 5.40E-05 0.0023

2-Pentanone, 4-Methyl 0.00064 Yes 2.58E-06 4.57E-04 7.30E-06 4.67E-04 0.020
Acetone 0.001511507 Yes 5.89E-07 9.60E-05 - 9.66E-05 0.0041
Arsenic 0.003140238 -- --(b) 5.98E-01 1.56E-03 6.OE-01 25
Barium 0.072881156 -- --(b) 2.08E-02 7.76E-04 2.16E-02 0.92

Bis(2-ethylhexyl) phthalate 0.001 -- --(b) 2.86E-03 2.21E-03 5.07E-03 0.21
Cadmium 0.0045 -- --(b) 5.14E-01 2.68E-02 5.41E-01 23
Carbon disulfide 0.00021 Yes 3.63E-06 1.20E-04 1.06E-05 1.34E-04 0.0057
Carbon tetrachloride 0.000170123 Yes 1.08E-05 1.39E-02 1.86E-03 1.58E-02 0.67
Chloride 9.9702351 -- --(b) -- --

Chloroform 0.000214204 Yes 2.64E-05 1.22E-03 5.57E-05 1.31E-03 0.055
Chromium 0.009493374 -- -(b) 3.62E-04 7.26E-05 4.34E-04 0.018
Copper 0.004884201 --(b) 6.98E-03 1.82E-05 7.00E-03 0.30
Fluoride 0.30080145 -- --(b) 2.86E-01 7.48E-04 2.87E-01 12
Iron 0.12126178 -- --(b) 9.90E-03 2.58E-05 9.92E-03 0.42
Lead 0.000581898 - --(b) -- --

Manganese 0.015530827 --(b) 3.70E-02 2.41E-03 3.94E-02 1.7
Methylene chloride 0.002069589 Yes 2.50E-05 1.97E-03 3.70E-05 2.03E-03 0.086
Nickel 0.006014142 -- --(b) 1.72E-02 2.24E-04 1.74E-02 0.74

Nitrate 23.863649 -- --(b) 1.92E-01 5.01E-04 1.93E-01 8.2

Nitrite 0.081906164 -- --(b) 1.56E-02 4.07E-OS 1.56E-02 0.66
Silver 0.005776818 - --(b) 6.60E-02 2.58E-03 6.86E-02 2.9
Strontium 0.38364144 -- --(b) 3.65E-02 9.54E-05 3.66E-02 1.6
Sulfate 45.030868 -- (b)

Tetrachloroethene 0.000872033 Yes 3.90E-05 4.98E-03 1.49E-03 6.51E-03 0.28
Tributyl phosphate 0.012498806 -- -(b) 3.57E-03 3.57E-03 0.15
Trichloroethene 0.000433871 Yes 1.50E-04 -- -- 1.50E-04 0.0063
Trichloromonofluorometh
ane 0.00058 Yes 1.00E-05 1.10E-04 1.08E-05 1.31E-04 0.0056
Uranium 0.016629145 - -(b) 3.17E-01 8.27E-04 3.18E-01 13
Vanadium 0.012904693 -- --(b) 1.47E-01 3.85E-04 1.48E-01 6.3
Zinc 0.068859746 -- --(b) 1.31E-02 2.051-0 1.31E-02 0.56
Total 4.69E-04 2.31 0.04 2.36 100
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway
COPC = contaminant of potential concern.
HQ = hazard quotient.
HI = hazard index.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.

200-PO-1Groundwater Operable Unit Far Field Exposure Area Native American Risk Assessment (5-Year)--Summary of Yakima Nation Drinking Water Exposure Scenario Cancer Risk Results for Nonradioactive COPCs

in Groundwater.
COPC jntaminant Concentration in Groundwatj VOC? r Risk (Inhalation) Risk (Ingestion) Risk (Dermal) Total Risk %

C., (mg/L) (unitless) (unitless) (unitless) (unitless) Contribution

1,1, 1-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichlorobenzene
1,4-Dichlorobenzene
1,4-Dioxane

2-Butanone

2-Pentanone, 4-Methyl

Acetone
Arsenic
Barium

Bis(2-ethylhexyl) phthalate
Cadmium
Carbon disulfide
Carbon tetrachloride
Chloride
Chloroform
Chromium
Copper
Fluoride
Iron
Lead
Manganese

Methylene chloride
Nickel
Nitrate
Nitrite
Silver

Strontium
Sulfate
Tetrachloroethene
Tributyl phosphate
Trichloroethene
Trichloromonofluorometh

ane
Uranium
Vanadium

0.000691076
0.000255649
0.00016874

0.003
0.000130957

0.0081
0.0005

0.00064

0.001S11507
0.003140238
0.072881156

0.001
0.0045

0.00021
0.000170123
9.9702351

0.000214204
0.009493374
0.004884201
0.30080145
0.12126178
0.000581898
0.015530827
0.002069589
0.006014142
23.863649

0.081906164
0.005776818
0.38364144
45.030868

0.000872033
0.012498806
0.000433871

0.00058
0.016629145
0.012904693

Yes
Yes
Yes
Yes
Yes 1.74E-08

--5

--(b)

.95 -08

--(b)

1.181-08

--(b)
--(b)

--(b)

6.922E-08

1.1-07)

4.45E-08
5.61E-06

2.97E-04

8.81E-07

1.39E-06

4.18E-07

9.77E-07

2.96E-05
7.24E-06
2.43E-06

1.47E-08
9.91E-09

7.85E-07

6.70E-07

1.83E-07

1.87E-08

1.80E-08

8.70E-06

2.07E-07

7.66E-08
5.62E-06

2.97E-04

1.55E-06

1.61E-06

4.96E-07

1.01E-06

3.84E-05
7.24E-06
2.77E-06

0.022
1.6

83

0.44

0.45

0.14

0.28

11
2.0

0.78
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Zinc 0.068859746 I --(b) -- - I -I

Total ELCR 3.13E-07 3.45E-04 1.06E-05 3.56E-04 100
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway
COPC = contaminant of potential concern.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
ELCR = excess lifetime cancer risk.

200-PO-1Groundwater Operable Unit Far Field Exposure Area Native American Risk Assessment (5-Year)--Summary of Yakima Nation Drinking Water Exposure Scenario Cancer

Risk Results for Radioactive COPCs in Groundwater

Attachment B, Page B-2

COPC ontaminant Concentration in Groundwat Volatile? Risk (Inhalation) Risk (Ingestion) Total Risk %

C (pCi/L) (unitless) (unitless) (unitless) Contribution

Gross alpha 6.4100896 --(b) -- --

Gross beta 32.397036 -- --(b) -- --

Ilodine-129 1.9883847 -- --(b) 2.88E-05 2.88E-05 1.9
Nickel-63 4.07 -- --(b) 2.67E-07 2.67E-07 0.018
Protactinium-231 0.308 - --(b) 5.21E-06 5.21E-06 0.35
Strontium-90 0.611 -- --(b) 3.34E-06 3.34E-06 0.22
Technetium-99 93.996334 -- --(b) 2.53E-05 2.53E-05 1.7
Tritium 264106.86 Yes 1.22E-04 1.31E-03 1.43E-03 96
Total ELCR 1.22E-04 1.37E-03 i.SOE-03 100

' VutuIi-didc nntiIrie ape. alayeineu ds deuce withIa Hn-'eyIS W LdelcadtL redce 51111in-;2 ti-ra/mniu adU IIC-UIWIL I-Ln l05/l.
Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
ELCR= excess lifetime cancer risk.
VOC= volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area - Yakima Nation

Ingestion of Nonradioactive Compounds in Drinking Water - Yakima Nation

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

Ingestion Chronic Daily Intake CDl calculated mg/kg-day EPA 1989

Contaminant concentration in Drinking Water C. contaminant-specific mg/L ECF-200P01-09-2027

Average Body Weight BW 70 16 kg Ridolfi, 2007

Drinking Water Ingestion Rate IRW 4 2 Liters/day Ridolfi, 2007

Calculated using the age
adjusted intake factors

Age-Adjusted Drinking Water Ingestion Rate IRWadj 4.407 L-yr/kg-day equation

Exposure Frequency EF 365 days/yr Ridolfi, 2007

Exposure Duration ED 70 6 yr Ridolfi, 2007

Averaging time AT 70 -- yr Ridolfi, 2007
RfDo Oral Reference Dose Chemical Specific mg/kg-day EPA 2009

CSFO Oral Cancer Slope Factor Chemical Specific (mg/kg-day)-
1  

EPA 2009

CF2 Conversion Factor 365 days/year EPA 1989

Ridolfi 2007, Yokoma Notion Exposure Scenrro for Hanford Site RiskAssessment.

ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA, 2009 EPA Region III Regional Screening Level downloaded December 2009. http://-w.epa.gov/reg3hwmd/risk/human/rb-concentration tabe/Generic_Tables/index.htm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cw CDI (noncarcinogen) RfD HQ %

Far Fied Exposure Area Nonradioactive COPC CAS 8 (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution

1,1,1-Trichloroethane 71-55-6 0.000691076 3.95E-05 2.OOE.00 0.0000 8.53E-04
1,1-Dichloroethane 75-34-3 0.000255649 1.46E-05 2.OOE-01 0.0001 0.0032
1,1-Dichloroethene 75-35-4 0.00016874 9.64E-06 5.OOE-02 0.0002 0.0083
1,2-Dichlorobenzene 95-50-1 0.003 1.71E-04 9.00E-02 0.0019 0.082
1,4-Dichlorobenzene 106-46-7 0.000130957 7.48E-06 7.OOE-02 0.0001 0.0046
1,4-Dioxane 123-91-1 0.0081 4.63E-04 1.00E-01 0.0046 0.20
2-Butanone 78-93-3 0.00015 3.14E-05 6.OE-01 0.0001 0.0023
2-Pentanone, 4-Methyl 108-10-1 0.00064 3.66E-05 8.OOE-02 0.0005 0.020
Acetone 67-64-1 0.001511507 8.64E-OS 9.OOE-01 0.0001 0.0041
Arsenic 7440-38-2 0.003140238 1.79E-04 3.OOE-04 0.5981 26
Barium 7440-39-3 0.072881156 4.16E-03 2.00E-01 0.0208 0.90
Bis(2-ethylhexyl) phthalate 117-81-7 0.001 5.71E-05 2.OOE-02 0.0029 0.12
Cadmium 7440-43-9 0.0045 2.57E-04 5.00E-04 0.5143 22
Carbon disulfide 75-15-0 0.00021 1.20E-05 1.OE-01 0.0001 0.0052
Carbon tetrachloride 56-23-S 0.000170123 9.72E-06 7.OOE-04 0.0139 0.60
Chloride 16887-00-6 9.9702351 5.70E-01 -- --

Chloroform 67-66-3 0.000214204 1.22E-05 1.00E-02 0.0012 0.053
Chromium 7440-47-3 0.009493374 5.42E-04 1.50E+00 0.0004 0.016
Copper 7440-50-8 0.004864201 2.79E-04 4.00E-02 0.0070 0.30
Fluoride 16964-48-8 0.30080145 1.72E-02 6.00E-02 0.2865 12
Iron 7439-89-6 0.12126178 6.93E-03 7.00E-01 0.0099 0.43
Lead 7439-92-1 0.000581898 3.33E-05 --

Manganese 7439-96-5 0.015530827 8.87E-04 2.40E-02 0.0370 1.6
Methylene chloride 75-09-2 0.002069589 1.18E-04 6.OOE-02 0.0020 0.085
Nickel 7440-02-0 0.006014142 3.44E-04 2.OOE-02 0.0172 0.74
Nitrate 14797-55-8 23.863649 1.36E+00 7.10E+00 0.1921 8.3
Nitrite 14797-65-0 0.081906164 4.68E-03 3.OOE-01 0.0156 0.67
Silver 7440-22-4 0.005776818 3.30E-04 5.OOE-03 0.0660 2.9
Strontium 7440-24-6 0.38364144 2.19E-02 6.OOE-01 0.0365 1.6
Sulfate 14808-79-8 45.030868 2.57E+00 -- --

Tetrachloroethene 127-18-4 0.000872033 4.98E-05 1.00E-02 0.0050 0.22
Tributyl phosphate 126-73-8 0.012498806 7.14E-04 2.OOE-01 0.0036 0.15
Trichloroethene 79-01-6 0.000433871 2.48E-05 -- --

Trichloromonofluoromethane 75-69-4 0.00058 3.31E-05 3.00E-01 0.0001 0.0048
Uranium 7440-61-1 0.016629145 9.50E-04 3.00E-03 0.3167 14
Vanadium 7440-62-2 0.012904693 7.37E-04 5.00E-03 0.1475 6.4
Zinc 7440-66-6 0.068859746 3.93E-03 3.00E-01 0.0131 0.57
Total 2 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidancefor Superfund Volume I: Human Health Evoluation Manual (Part A).

COPC = contaminant of potential concern.

HQ = hazard quotient.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit rCw CDI (carcinogen) CSFy Risk %

Far Field Exposure Area Nonradioactive COPC CAS B (mg/L) (mg/kg-day) (mg/kg-day) (untless) Contrbution

1,1, 1-Trichloroetha ne
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichlorobenzene
1,4-Dichlorobenzene
1,4-Dioxane
2-Butanone
2-Pentanone, 4-Methyl
Acetone
Arsenic
Barium
Bis2-ethylhexyi) phthalate
Cadmium
Carbon disulfide
Carbon tetrachloride
Chloride
Chloroform
Chromium
Copper
Fluoride
Iron
Lead

71-55-6
75-34-3
75-35-4
95-50-1
106-46-7
123-91-1

78-93-3
108-10-1
67-64-1

7440-38-2
7440-39-3
117-81-7

7440-43-9
75-15-0
56-23-5

16887-00-6
67-66-3

7440-47-3
7440-50-8
16984-48-8
7439-89-6
7439-92-1

0.000691076
0.000255649
0.00016874

0.003
0.000130957

0.0081
0.00055
0.00064

0.001511507
0.003140238
0.072881156

0.001
0.0045
0.00021

0.000170123
9.9702351

0.000214204
0.009493374
0.004884201
0.30080145
0.12126178

0.000581898

1.61E-05
1.06E-05
1.89E-04
8.24E-06
5.10E-04
3.46E-05
4.03E-05
9.52E-05
1.98E-04
4.59E-03
6.30E-05
2.83E-04
1.32E-05
1.07E-05
6.28E-01
1.35E-05
5.98E-04
3.08E-04
1.89E-02
7.63E-03
3.66E-05

5.40E-03
1. 10E-02

1.50E+00

1.40E-02

1.30E-01

3.10E-02

4.45E-08
5.61E-06

2.97E-04

8.81E-07

1.39E-06

4.18E-07

0.013
1.6

86

0.26

0.40

0.12
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Manganese 7439-96-5 0.015530827 9.78E-04 --

Methylene chloride 75-09-2 0.002069589 1.30E-04 7.50E-03 9.77E-07 0.28
Nickel 7440-02-0 0.006014142 3.79-04 -- --

Nitrate 14797-55-8 23863649 1.50E+00 -

Nitrite 14797-65-0 0.081906164 5.16E-03 -- --

Silver 7440-22-4 0.005776818 3.64E-04 --
Strontium 7440-24-6 0.38364144 2.42E-02 -- --

Sulfate 14808-79-8 45.030868 2.84E+00 -- --

Tetrachloroethene 127-18-4 0.000872033 5.49E-05 5.40E-01 2.96E-05 8.6
Tributyl phosphate 126-73-8 0.012498806 7.87E-04 9.20E-03 7.24E-06 2.1
Trichloroethene 79-01-6 0.000433871 2.73E-05 8.90E-02 2.43E-06 0.70
Trichloromonofluoromethane 75-69-4 0.00058 3.65E-OS -- --

Uranium 7440-61-1 0.016629145 1.05E-03 -- --

Vanadium 7440-62-2 0.012904693 8.12E-04 --

Zinc 7440-66-6 0.068859746 4.34E-03 --

Total ELCR 3.45E-04 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/Generic Tables/index.htm

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidancefor Superfund Volume 1: Human Health Evaluation Manual (Port A).

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-S groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area - Yakima Nation

Inhalation of Volatile Nonradioactive Compounds in Drinking Water - Yakima Nation

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

EPA 2009b

mg/m
3 

for noncarcinogens,

Inhalation Chronic Daily Intake CDI calculated pg/mi for carcinogens

Contaminant concentration in drinking water C contaminant-specific mg/L ECF-2001-09-2027

Exposure Time ET 0.580 -- hours/day U.S. EPA, 2004

Exposure Frequency EF 365 days/yr RidoIfi, 2007

Exposure Duration ED 70 yr Ridolfi, 2007

Averaging Time AT 70 -- yr Ridolfi, 2007

Andelman Volatilization Factor VF 0.5 ma/kg U.S. EPA, 1991

Inhalation Reference Concentration RFC Chemical Specific mg/mn EPA 2009a

Inhalation Unit Risk IUR Chemical Specific ( /mn)' EPA 2009a

Conversion Factor CF1 365 days/year EPA 2009b

Conversion Factor CF2 0.042 lday/24 hours EPA 2009b

Ridolfi 2007, Yokomo Nation Exposure Scenario for Hanford Site Risk Assment.

ECF-200PO1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

U.S. EPA, 2009a EPA Region III Regional Screening Level downloaded December 2009. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTales/index.htm

U.S. EPA 2009b. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

Non-cancer HQ calculation

200-PO-1 GroundwaterOperable Unit Cw CDI (noncarcinogen) RfC' HQ %

Far Field Exposure Area Nonradioactive COPC CAS # Volatile' (mg/L) (mg/i) (mg/mi) (unitess) Contribution

1,0,S-Trichloroethane 71-55-6 Yev 0.000691076 8.35E-06 S.OSE+00 1.67E-O6 0.36

1,1-Dichloroethaee 75-34-3 Yes 0.000255649 3.09E-06 7.OOE-01 4.41E-06 0.94

1,1-Dichlornethene 75-35-4 Yes 0.00016874 2.04E-06 2.OOE-01 1.02E-05 2.2

1,2-DichlorbeneneD 95-50-1 Yes 0.003 3.63E-05 2.0E-01 1.81E-04 39

1,4-Dichlorobenzene 106-46-7 Yes 0.000130957 1.58E-06 8.OE-01 1.98E-06 0.42

1,4-Dioxane 123-91-1 -- 0.0081 --(b) 3.60E+00 -- (b)

2-Butanone 78-93-3 Yes 0.00055 S6.6E-06 5.OOE+00 1.33E-06 0.28

2-Pentanone, 4-Methyl 108-10-1 Yes 0.00064 7.73E-06 3.OOE+00 2.58E-06 0.55

Acetone 67-64-1 Yes 0.001511507 1.83E-05 3.10E+01 5.89E-07 0.13

Arsenic 7440-38-2 0.003140238 --(b) 1.50E-05 -- (b)

Barium 7440-39-3 - 0.072881156 --(b) 5.00E-04 --(b)

Bis2-ethylhexyl) phthalate 117-81-7 -- 0.001 --(b) -- (b)

Cadmium 7440-43-9 -- 0.0045 --(b) 1.00E-05 --(b)

Carbondisulfide 75-15-0 Yes 0.00021 2.54E-06 7.00E-01 3.63E-06 0.77

Carbon tetrachloride 56-23-5 Yes 0.000170123 2.06E-06 1.90E-01 1.08E-05 2.3

Chloride 16887-00-6 -- 9.9702351 --(b) -- --(b)

Chloroform 67-66-3 Yes 0.000214204 2.59E-06 9.80E-02 2.64E-05 5.6

Chromium 7440-47-3 -- 0.009493374 --(b) -- (b)

Copper 7440-50-8 -- 0.004884201 --(b) -- (b)

Fluoride 16984-48-8 -- 0.30080145 --(b) 1.30E-02 --(b)

Iron 7439-89-6 0.12126178 --(b) --

Lead 7439-92-1 -- 0.000581898 --(b) -b

Manganese 7439-96-5 0.015530827 () 5.00E-05 --(b)

Methylene chloride 75-09-2 Yes 0.002069589 2.50E-05 1.OE+00 2.50E-05 5.3

Nickel 7440-02-0 -- 0.006014142 --(b) 9.00E-O5

Nitrate 14797-55-8 23.863649 --(b) --(b)

Nitrite 14797-65-0 -- 0.081906164 --(b) --

Silver 7440-22-4 - 0.005776818 --(b) - -- (b)

Strontium 7440-24-6 - 0.38364144 --(b) --- (b)

Sulfate 14808-79-8 -- 45.030868 --(b) --- (b)

Tetrachloroethene 127-18-4 Yes 0.000872033 1.05E-05 2.70E-01 3.90E-05 8.3

Tributyl phosphate 126-73-8 -- 0.012498806 --(b) - --(b)

Trichloroethene 79-01-6 Yes 0.000433871 5.24E-06 3.50E-02 1.50E-04 32

Trichloromonofluoromethane 75-69-4 Yes 0.00058 7.01E-06 7.00E-01 1.00E-05 2.1

Uranium 7440-61-1 -- 0.016629145 --(b) 3.00E-04 -- (b)

Vanadium 7440-62-2 -- 0.012904693 --(b) -- --(b)

Zinc 7440-66-6 - .068859746 --(b) --

Total 4.690-04 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

HQ = hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

Cancer risk calculation

a 200-PG-1 Groundwater Operable Unit Cw CDI (carcinogen) IUR Risk %

Far Field Exposure Area Nonradioactive COPC CAS # Volatile (mg/L) (pg/m) (pg/mi- (unitess) Contribution

1, 1, 1-Trichloroethane
1, 1-Dichlormethane
1,1-Dichloroethene

1,2-Dichnrnbeneene
1,4-Dichiorobenzene
1,4-Dioxane

2-Butanone
2-Pentanone, 4-Methyl
Acetone
Arsenic
Barium
Bis(2-ethylhexyl) phthalate
Cadmium

Carbon disufide
Carbon tetrachioride
Chloride
Chloroform
Chromium
Copper
Fluoride
Iron
Lead
Manganese
Methylene chloride
Nickel
Nitrate
Nitrite
Silver
Strontium
Sulfate

Tetrachloroethene
Tributyl phosphate
Trchioroethene

j71-55-6
75-34-3
75-35-4
95-50-1
106-46-7
123-91-1
78-93-3

108-10-1
67-64-1

7440-38-2
7440-39-3
117-81-7

7440-43-9
75-15-0
56-23-5

16887-00-6
67-66-3

7440-47-3
7440-50-8
16984-48-8
7439-89-6
7439-92-1
7439-96-5

75-09-2
7440-02-0
14797-55-8
14797-65-0
7440-22-4
7440-24-6
14808-79-8

127-18-4
126-73-8
79-01-6

Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes
es

e-

Yes

Yes

Yes

0.000691076
0.000255649
0.00016874

0.003
0.0001309S7

0.0081
0.00055
0.00064

0.001511507
0.003140238
0.072881156

0.001
0.0045
0.00021

0.000170123
9.9702351

0.000214204
0.009493374
0.004884201
0.30080145
0.12126178

0.000581898
0.015530827
0.002069589
0.006014142
23.863649

0.081906164
0.005776818
0.38364144
45.030868

0.000872033
0.012498806
0.000433871

8.3SE-03
3.09E-03
2.04E-03
3.63E-02
1.58E-03

-- (b)
6.65E-03
7.73E-03
1.83E-02

--fb)
--fb)

2.54E-03
2.06E-03

--(b)
2.59E-03

-- fb)
--fb)
--fb)

2.50E-02

.05 -02

--(b)0.25E-02

1.10E-05
7.70E-06

4.30E-03

2.40E-06
1.80E-03

1.50E-05

2.30E-05

4.70E-07
2.60E-04

5.90E-06

2.50E-05

1.74E-08

3 .08E-08
--(b)

5.95E-08

--6

1.180-08

6.22E-08

--(b)

1310E-07

5.6

9.9

19

20

42
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Trichloromonofluorvmethane

Uranium
Vanadium

75-69-4
7440-61-1

7440-62-2

Yes 0.00058 7.UIE-03
-- 0.016629145-b)
-- 0.012904693 --(b)

-- 0068859746 --b
Total ELCR
* EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm
Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidancefor Inhalation Risk Assessment) Final
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (-Year)--Far-field exposure area - Yakima Nation

Inhalation of Volatile Radioactive Compounds in Drinking Water - Yakima Nation

Intake Parameter Values Value
Factor Symbol Adult Child Unit Reference

Chronic Daily Intake CDi calculated pC EPA 1989

Contaminant concentration in drinking water C. contaminant-specific pCi/I ECF-20P1-09-2027

Exposure frequency EF 365 1 365 days/year Ridolfi, 2007
Exposure duration ED 70 9 6 years Ridoffi,2007
Inhalation Rate INH. 2616 mi/day Ridolfi, 2997
Exposure time ET O.58 I hr/day U.S. EPA, 2004
Age Adjusted Exposure Time ET hrs

Calculated using the
age adjusted intake

0.616 factors equation
Radiation Age-adjusted inhalation rate INH_RAD, 1760 mi-yr/day

Calculated using the
age adjusted intake
factors equation

Andelman Volatilization Factor VF 0.5 ma/kg U.S. EPA, 1991

Radiation Inhalation of Volatiles Slope Factor Sf1 Chemical Specific risk/pCi U.S. EPA, 1997
Ridolfi 2007, Yakama Nation Exposure Scenariofor Hnford Sire Risk Assessment .
ECF-209P1-09-2027. Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). Interim Final Office of Emergency and Remedial Response.
U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part8, Development of Risk-Based Preliminary Remediation Goals).
U.S. EPA, 1997 US EPA Health Effects Assessment SummaryTables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.
U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Pact E, Supplemental Guidance for Dermal Risk Assessment)

Inhalation of Volatile Radioactive Constituents in Groundwater
200-PO-1 Groundwater Operable Unit C, CDI (radiological inhalation)S F, Risk %

Far Field Exposure Area Radioactive COPC CAD # VOC (pCi/L) (pCi) (isk/pCi (unitless) Contribution
Grate alpha 12587-46-1 6.4100896 --(b) -- -(b)
Gross beta 12587-47-2 32.397036 --(b) -- -(b
Iodine-129 15046-84-1 1.9883947 --(b) 6.07E-11 -(b)
Nickel-63 13981-37-8 - 4.07 --(b) 1.64E-12 --(b)
Protactinium-231 14331-8S-2 0.308 --(b) 4.55E-08 --(b)
Strontium-90 10098-97-2 0.611 --() 1.05E-10 -- (b)
Technetium-99 14133-76-7 93.996334 --(b) 1.41E-11 -- (b)
nitium 10028-17-8 Yes 264106.86 2.18E.09 5.62E-14 1.22E-04 199

Total ELCR I.22E-04
' Radiological contaminants considered volatile for the groundwater inhalation pathway are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.
U.S. E PA 1989. Risk assessment guidance for Superfund. Volume k Humanhealth evaluation manual (Part A). Interim Final. Office of Emergencyand Remedial Response.
COPC = contaminant of potential concern.
ELCR excess lifetime cancer risk.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area - Yakima Nation

Ingestion of Radioactive Compounds in Drinking Water - Yakima Nation

Intake Parameter Values Value
Factor Symbol Unit Value Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration in drinking water C contaminant-specific pCi/1 ECF-200PO1-09-2027
Exposure frequency EF 365 365 days/year Ridolfi, 2007

Exposure duration ED 70 6 years Ridolfi, 2007
Drinking Water Ingestion Rate IRW 4 2 L/day Ridolfi, 2007
Radiation Age-adjusted drinking water ingestion rate IRWRADadj 268 L-yr/day

Calculated using the
age adjusted intake

factors equation
Radiation Ingestion of Water Slope Factor Sfo Chemical Specific risk/pCi U.S. EPA, 1997
Ridolfi 2007, Yakama Nation Exposure Scenaria for Hanford Site Risk Assessment.
ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010
U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.
U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).
U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.
U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

Ingestion of Radioactive Constituents in Groundwater
200-PO-1 Groundwater Operable Unit Cw CDI (radiological ingestion) SF. Risk %

Far Field Exposure Area Radioactive COPC CAS # (pCi/L) (pCi) (risk/pCi) (unitless) Contribution
Gross alpha 12587-46-1 6.4100896 627,035 -- --

Gross beta 12587-47-2 32.397036 3,169,078 -- -

lodine-129 15046-84-1 1.9883847 194,504 1.48E-10 2.88E-05 2.1
Nickel-63 13981-37-8 4.07 398,127 6.70E-13 2.67E-07 0.020
Protactinium-231 14331-85-2 0.308 30,129 1.73E-10 5.21E-06 0.39
Strontium-90 10098-97-2 0.611 59,768 5.59E-11 3.34E-06 0.25
echnetium-99 14133-76-7 93.996334 9.19E+06 2.75E-12 2.53E-05 1.9
ritium 10028-17-8 264106.86 2.58E+10 5.07E-14 1.31E-03 97

Total ELCR 1.34E-03 100
U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (S-Year)--Summary of Yakima Nation Drinking Water Exposure Scenario Noncancer Hazard Results for
Nonradioactive COPCs in Groundwater.

COPC ontaminant Concentration in Groundwat VOC? HQ (Inhalation) HQ (ingestion) HQ (Dermal) Total HI %

C,,(mg/L) (unitess) (unitess) (unitess) (unitless) Contribution

1,2,3,4,6,7,8-
Heptachlorodibenzodiox
in 3.734E-09 -- (b) - --
1,2,3,4,6,7,8-
Heptachlorodibenzofura
n 5.66E-09 - -- (b) -

1,2,3,4,7,8-
Hexachlorodibenzofuran 2.9E-09 -- (b) - -- -

1,2,3,6,7,8-
Hexachlorodibenzofuran 2.1E-09 - -(b) --

1,2-Dichloroethane 0.00064 Yes 3.22E-06 1.83E-03 4.48E-05 1.88E-03 0.022
2,3,4,6-
Tetrachlorophenol 0.0077 -(b) 1.47E-02 -- 1.47E-02 0.17
Aluminum 0.046776593 --(b) 2.67E-03 6.98E-06 2.681-03 0.031
Arsenic 0.00579213 - -(b) 1.10E+00 2.88E-03 1.11E+00 13
Barium 0.053448218 -- --(b) 1.53E-02 5.69E-04 1.58E-02 0.18
Beryllium 0.000342265 -- --(b) 9.78E-03 3.65E-03 1.34E-02 0.15
Bis(2-ethylhexyl)
phthalate 0.011 --(b) 3.14E-02 2.43E-02 5.57E-02 0.64
Cadmium 0.002729138 -- --(b) 3.12E-01 1.63E-02 3.28E-01 3.8

Carbon tetrachloride 0.000282669 Yes 1.80E-05 2.31E-02 3.09E-03 2.62E-02 0.30
Chloride 12.62269 -- -- (b) -- -

Chloroform 0.00038106 Yes 4.70E-05 2.18E-03 9.92E-05 2.32E-03 0.027
Chromium 0.015259293 --(b) 5.81E-04 1.17E-04 6.98E-04 0.0080
Cobalt 0.004495239 --(b) 8.56E-01 8.94E-04 8.57E-01 9.8
Copper 0.004447607 -- --(b) 6.351E-03 1.66E-05 6.37E-03 0.073
Fluoride 0.2940596 -- --(b) 2.80E-01 7.31E-04 2.81E-01 3.2

Hexavalent Chromium 0.191 --(b) 3.64E+00 7.60E-01 4.40E+00 50
Iron 0.090209963 - --(b) 7.36E-03 1.92E-05 7.38E-03 0.085
Lead 0.001548018 -- --(b) --

Manganese 0.006198141 -- --(b) 1.48E-02 9.63E-04 1.57E-02 0.18
Nickel 0.011729633 -- --(b) 3.35E-02 4.37E-04 3.40E-02 0.39
Nitrate 34.098186 -(b) 2.74E-01 7.16E-04 2.75E-01 3.2
Nitrite 0.057119962 -- --(b) 1.09E-02 2.84E-05 1.09E-02 0.12
Nitrogen in Nitrite and
Nitrate 14.7 -- -- (b) 5.25E-01 1.37E-03 5.26E-01 6.0

Octachlorodibenzofuran 9.9649E-09 -(b) - -
Octachlorodibenzo-p-
dioxin 5.8071E-09 -- (b) - -

Silver 0.005686587 --(b) 6.50E-02 2.54E-03 6.75E-02 0.77
Strontium 0.2694514 -- --(b) 2.57E-02 6.70E-05 2.57E-02
Sulfate 64.094058 -- -(b) -

Toluene 3.56519E-05 Yes 8.62E-08 2.55E-05 4.42E-06 3.00E-05 3.43E-04
Total petroleum
hydrocarbons - gasoline
range 0.05 -- -(b) - -

Trichloroethene 0.000563286 Yes 1.94E-04 1.94E-04 0.0022
Uranium 0.020191069 -- -- (b) 3.851-01 1.00E-03 3.86E-01 4.4
Vanadium 0.02186531 -- -(b) 2.50E-01 6.52E-04 2.51E-01 2.9
Zinc 0.095789222 -- (b) 1.82E-02 2.86E-05 1.83E-02 0.21

Total 2.63E-04 7.91 0.82 8.73 100

- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.

HQ = hazard quotient.

HI = hazard index.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (5-Year)--Summary of Yakima Nation Drinking Water Exposure Scenario Cancer Risk Results for
Nonradioactive COPCs in Groundwater.

COPC ontaminant Concentration in Groundwat: VOC? Risk (Inhalation) Risk (Ingestion) Risk (Dermal) Total Risk %

C.(mg/L) (unitless) (unitess) (unitless) (unitless) Contribution
1,2,3,4,6,7,8-
Heptachlorodibenzodiox
in
1,2,3,4,6,7,8-
Heptachlorodibenzofura
n

1,2,3,4,7,8-
Hexachlorodibenzofuran

1,2,3,6,7,8-
Hexachlorodibenzofuran
1,2-Dichloroethane
2,3,4,6-
Tetrachlorophenol
Aluminum
Arsenic
Barium
Beryllium
Bis(2-ethylhexyl)
phthalate
Cadmium

Carbon tetrachloride
Chloride
Chloroform
Chromium
Cobalt
Copper
Fluoride

3.734E-09

5.66E-09

2.9E-09

2.1E-09
0.00064

0.0077
0.046776593
0.00579213
0.053448218
0.000342265

0.011
0.002729138

0.000282669
12.62269

0.00038106
0.015259293
0.004495239
0.004447607

0.2940596

Yes

Yes

Yes

--(b)

--(b)

--(b)

2.01E-07

--(b)

5. 12E-08

1.06E-07

--(b)
--(b)
--(b)
--(b)

3.06E-07

4.63E-07

2.37E-06

1.72E-06
3.67E-06

5.47E-04

9.70E-06

2.31E-06

7.44E-07

8.85E-08

1.45E-06

7.37E-06

3.05E-07

3.33E-08

3.06E-07

4.63E-07

2.37E-06

1.72E-06
3.96E-06

5.48E-04

1.71E-05

2.67E-06

8.83E-07

0.053

0.080

0.41

0.30
0.68

94

2.9

0.46

0.15
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Hexavalent Chromium 0.191 -- --(b) -- -- --

Iron 0.090209963 -- --(b) -- -- --

Lead 0.001548018 -- -- (b) -- -- --

Manganese 0.006198141 -- -- (b) -- -- --

Nickel 0.011729633 -- --(b) -- -- --

Nitrate 34.098186 -- --(b) - - --

Nitrite 0.057119962 --(b)
Nitrogen in Nitrite and
Nitrate 14.7 -- (b) --

Octachlorodibenzofuran 9.9649E-09 --(b) 2.45E-08 -- 2.45E-08 0.0042
Octachlorodibenzo-p-
dioxin 5.8071E-09 - --(b) 1.43E-08 1.43E-08 0.0025
Silver 0.005686587 - -- (b) --

Strontium 0.2694514 -- (b) - -

Sulfate 64.094058 -- (b) -

Toluene 3.56519E-05 Yes -
Total petroleum
hydrocarbons - gasoline
range 0.05 -- (b) - -

Trichloroethene 0.000563286 Yes 1.70E-07 3.16E-06 2.69E-07 3.60E-06 0.62
Uranium 0.020191069 - -(b) -- - -

Vanadium 0.02186531 - -- (b) -

Zinc 0.095789222 - --(b) -- --

Total ELCR 5.28E-07 5.71E-04 9.51E-06 5.82E-04 100

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

o Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.

5VOC = semivolatile organic compound.

VOC = volatile organic compound.

ELCR = excess lifetime cancer risk.

200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (5-Year)--Summary of Yakima Nation Drinking Water Exposure Scenario Cancer Risk
Results for Radioactive COPCs in Groundwater.

COPC ontaminant Concentration in Groundwat Volatile?a Risk (Inhalation) Risk (Ingestion) Total Risk %

C. (pCi/L) (unitess) (unitless) (unitless) Contribution

Gross alpha 5.3264311 -- (b) -

Iodine-129 2.708038 -- (b) 3.92E-05 3.92E-05 2.9

Plutonium-239/240 0.029 -- -- (b) 3.83E-07 3.83E-07 0.028

Protactinium-231 0.28 - -- (b) 4.74E-06 4.74E-06 0.35

Strontium-90 4.3004432 - --(b) 2.35E-05 2.35E-05 1.7

Technetium-99 1667.3497 --(b) 4.49E-04 4.49E-04 33

Tritium 156901.45 Yes 7.27E-05 7.78E-04 8.51E-04 62

Total ELCR 7.27E-05 1.29E-03 1.37E-03 100
' Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.
b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Near-Field exposure area - Yakima Nation

Ingestion of Nonradioactive Compounds in Drinking Water - Yakima Nation

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

Ingestion Chronic Daily Intake CDI calculated mg/kg-day EPA 1989

Contaminant concentration in Drinking Water Cw contaminant-specific mg/L ECF-200PO1-09-2027

Average Body Weight BW 70 16 kg Ridolfi, 2007

Drinking Water Ingestion Rate IRW 4 2 Liters/day Ridolfi, 2007
Calculated using the age
adjusted intake factors

Age-Adjusted Drinking Water Ingestion Rate IRWadj 4.407 L-yr/kg-day equation

Exposure Frequency EF 365 days/yr Ridolfi, 2007

Exposure Duration ED 70 6 yr Ridolfi, 2007

Averaging time AT 70 -- yr Ridolfi, 2007
RfDo Oral Reference Dose Chemical Specific mg/kg-day EPA 2009

CSFo Oral Cancer Slope Factor Chemical Specific (mg/kg-day)
1  

EPA 2009

CF2 Conversion Factor 365 days/year EPA 1989

Ridolfi 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.

ECF-200PO1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superund. Volume I: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA, 2009 EPA Region II Regional Screening Level downloaded December 2009. http://ww.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cw CDI (noncarcinogen) RfD HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitiess) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 3.734E-09 2.13E-10 -- --

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 5.66E-09 3.23E-10
1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 2.9E-09 1.66E-10 -

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 2.1E-09 1.20E-10 -- --

1,2-Dichloroethane 107-06-2 0.00064 3.66E-05 2.OOE-02 1.83E-03 0.023
2,3,4,6-Tetrachlorophenol 58-90-2 0.0077 4.40E-04 3.00E-02 1.47E-02 0.19
Aluminum 7429-90-5 0.046776593 2.67E-03 1.00E+00 2.67E-03 0.034
Arsenic 7440-38-2 0.00579213 3.31E-04 3.OOE-04 1.10E+00 14
Barium 7440-39-3 0.053448218 3.05E-03 2.OOE-01 1.53E-02 0.19
Beryllium 7440-41-7 0.000342265 1.96E-05 2.00E-03 9.78E-03 0.12
Bis(2-ethylhexyl) phthalate 117-81-7 0.011 6.29E-04 2.OOE-02 3.14E-02 0.40
Cadmium 7440-43-9 0.002729138 1.56E-04 5.00E-04 3.12E-01 3.9
Carbon tetrachloride 56-23-5 0.000282669 1.62E-05 7.OE-04 2.31E-02 0.29
Chloride 16887-00-6 12.62269 7.21E-01 -- --

Chloroform 67-66-3 0.00038106 2.18E-05 1.00E-02 2.18E-03 0.028
Chromium 7440-47-3 0.015259293 8.72E-04 1.50E+00 5.81E-04 0.0074
Cobalt 7440-48-4 0.004495239 2.57E-04 3.00E-04 8.56E-01 11
Copper 7440-50-8 0.004447607 2.54E-04 4.OOE-02 6.3SE-03 0.080
Fluoride 16984-48-8 0.2940596 1.68E-02 6.OOE-02 2.80E-01 3.5
Hexavalent Chromium 18540-29-9 0.191 1.09E-02 3.OOE-03 3.64E+00 46
Iron 7439-89-6 0.090209963 5.15E-03 7.OOE-01 7.36E-03 0.093
Lead 7439-92-1 0.001548018 8.85E-05 -- --

Manganese 7439-96-5 0.006198141 3.54E-04 2.40E-02 1.48E-02 0.19
Nickel 7440-02-0 0.011729633 6.70E-04 2.OOE-02 3.35E-02 0.42
Nitrate 14797-55-8 34.098186 1.95E+00 7.10E+00 2.74E-01 3.5
Nitrite 14797-65-0 0.057119962 3.26E-03 3.00E-01 1.09E-02 0.14
Nitrogen in Nitrite and Nitrate N2+NO3-N 14.7 8.40E-01 1.60E+00 5.25E-01 6.6
Octachlorodibenzofuran 39001-02-0 9.9649E-09 5.69E-10 -- --

Octachlorodibenzo-p-dioxin 3268-87-9 5.8071E-09 3.32E-10 --

Silver 7440-22-4 0.005686587 3.25E-04 5.00E-03 6.50E-02 0.82
Strontium 7440-24-6 0.2694514 1.54E-02 6.00E-01 2.57E-02 0.32
Sulfate 14808-79-8 64.094058 3.66E.0 -

Toluene 108-88-3 3.56519E-05 2.04E-06 8.00E-02 2.5SE-05 3.22E-04
Total petroleum hydrocarbons - gasoline range TPHGASOLINE 0.05 2.86E-03 -- --

Trichoroethene 79-01-6 0.000563286 3.22E-0S - --

Uranium 7440-61-1 0.020191069 1.15E-03 3.00E-03 3.85E-01 4.9
Vanadium 7440-62-2 0.02186531 1.25E-03 5.00E-03 2.50E-01 3.2
Zinc 7440-66-6 0.095789222 5.47E-03 3.00E-01 1.82E-02 0.23

Total 7.9 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).

COPC = contaminant of potential concern.

HQ = hazard quotient.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cw CDI (carcinogen) [ CSF, Risk

Near-Field Exposure Area Nonradioactive COPC CAS 8 (mg/L) (mg/kg-day) (mg/kg-day)' (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin
1, 2,3,4,6,7,8-H eptach orodibenzofu ran
1, 2,3,4,7,8-H exa ch lorodibe nzofu ran
1, 2,3,6,7,8-H exa chlorodibe nzofu ran
1,2-Dichloroethane
2,3,4,6-Tetrachlorophenol
Aluminum
Arsenic
Barium
Beryllium
Bis(2-ethylhexyl) phthalate
Cadmium
Carbon tetrachloride
Chloride
Chloroform
Chromium
Cobalt
Copper
Fluoride
Hexavalent Chromium
Iron
Lead
Manganese
Nickel
Nitrate
Nitrite

35822-46-9
67562-39-4
70648-26-9
57117-44-9

107-06-2
58-90-2

7429-90-5
7440-38-2
7440-39-3
7440-41-7
117-81-7

7440-43-9
56-23-5

16887-00-6
67-66-3

7440-47-3
7440-48-4
7440-50-8
16984-48-8
18540-29-9
7439-89-6
7439-92-1
7439-96-5
7440-02-0
14797-55-8
14797-65-0

3.734E-09
5.66E-09
2.9E-09
2.1E-09
0.00064
0.0077

0.046776593
0.00579213

0.053448218
0.000342265

0.011
0.002729138
0.000282669

12.62269
0.00038106

0.015259293
0.004495239
0.004447607

0.2940596
0.191

0.090209963
0.001548018
0.006198141
0.011729633

34.098186
0.057119962

2.35E-10
3.56E-10
1.83E-10
1.32E-10
4.03E-05
4.85E-04
2.95E-03
3.65E-04
3.37E-03
2.15E-05
6.93E-04
1.72E-04
1.78E-05
7.95E-01
2.40E-05
9.61E-04
2.83E6-04
2.80E-04
1.85E-02
1.20E-02
5.68E-03
9.75E-05
3.90E-04
7.38E-04
2.15E+00
3.60E-03

1.30E+03
1.30E+03
1.30E+04
1.30E+04
9.10E-02

1.50E+00

1.40E-02

1.30E-01

3.10E-02

3.06E-07
4.63E-07
2.37E-06
1.72E-06
3.67E-06

5.47E-04

9.70E-06

2.31E-06

7.44E-07

0.053
0.081
0.42
0.30
0.64

96

1.7

0.40

0.13
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Nitrogen in Nitrite and Nitrate NO2+NO3-N 14.7 9.26E-01 -- --

Octachlorodibenzofuran 39001-02-0 9.9649E-09 6.27E-10 3.90E+01 2.45E-08 0.0043
Octachlorodibenzo-p-dioxin 3268-87-9 5.8071E-09 3.66E-10 3.90E+01 1.43E-08 0.0025
Silver 7440-22-4 0.005686587 3.58E-04 -- --

Strontium 7440-24-6 0.2694514 1.70E-02 -- -
Sulfate 14808-79-8 64.094058 4.04E+00 -- --

Toluene 108-88-3 3.56519E-05 2.24E-06 --
Total petroleum hydrocarbons - gasoline range TPHGASOLINE 0.05 3.15E-03 -- -

Trichloroethene 79-01-6 0.000563286 3.55E-05 8.90E-02 3.16E-06 0.55
Uranium 7440-61-1 0.020191069 1.27E-03 --
Vanadium 7440-62-2 0.02186531 1.38E-03 - --

Zinc 7440-66-6 0.095789222 6.03E-03 -- --

Total ELCR 5.71E-04 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (PartA).
COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)-Near-Field exposure area - Yakima Nation

Inhalation of Volatile Nonradioactive Compounds in Drinking Water - Yakima Nation

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

EPA 2009b

mg/m
3

for noncarcinogens,

Inhalation Chronic Daily Intake CDI calculated pg/rn' for carcinogens

Contaminant concentration in drinking water C, contaminant-specific mg/L ECF-200PO1-09-2027

Exposure Time ET 0.580 1- hours/day U.S. EPA, 2004

Exposure Frequency EF 365 days/yr Ridolfi, 2007

Exposure Duration ED 70 - yr Ridolfi, 2007

Averaging Time AT 70 - yr Ridolfi, 2007

Andelman Volatilization Factor VF 0.5 m
3
/kg U.S. EPA, 1991

Inhalation Reference Concentration RfC, Chemical Specific mg/m3 EPA 2009a

Inhalation Unit Risk IUR Chemical Specific (pg/mi)i EPA 2009a

Conversion Factor CF 365 days/year EPA 2009b

Conversion Factor CF2 0.042 lday/24 hours EPA 2009b

Ridolfi 2007, Yokama Nation Exposure Scenario for Hanford Site Risk Assessment.

ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

U.S. EPA, 2009a EPA Region Ill Regional Screening Level downloaded December 2009. http://w-ww.epa.gov/reg3hwmd/risk/human/rb-concentration table/Generic_Tables/index.htm

U.S. EPA 2009b. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

Non-cancer HO calculation

200-PO-1Groundwater Operable Unit Cw CDI (noncarcinOgen) RfC' HQ %

Near-Field Exposure Area Nonradioactive COPC CAS# Volatile (mg/L) (mg/rn
3
) (mg/m) (unitiess) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioin 35822-46-9 -- 3.734E-09 --(b) - -(b)

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 -- 5.66E-09 --(b) --(b)

1,2,3,4,7,B-Hexachlorodibenzofuran 70648-26-9 -- 2.9E-09 --(b) -- (b)
1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 -- 2.1E-09 --(b) ---- (b)
1,2-Dichloroethane 107-06-2 Yes 0.00064 7.73E-06 2.40E+00 3.22E-06 1.2

2,3,4,6-Tetrachlorophenol 58-90-2 -- 0.0077 -- (b) - -(b)
Aluminum 7429-90-5 0.046776593 --(b) 5.OOE-03--(b)
Arsenic 7440-38-2 0.00579213 --(b) 1.50E-05- -(b)

Barium 7440-39-3 0.053448218 --(b) 5.00E-04 -- (b)

Beryllium 7440-41-7 -- 0.000342265 --(b) 2OOE-05 -(b)

Bis(2-ethylhexyl) phthalate 117-81-7 -- 0.011 --(b) - -(b)
Cadmium 7440-43-9 -- 0.002729138 --(b) .IOOE-05 -- (b)

Carbon tetrachloride 56-23-5 Yes 0.000282669 3.42E-06 1.90E-01 1.80E-05 6.8

Chloride 16887-00-6 12.62269 --(b) -- (b)

Chloroform 67-66-3 Yes 0.00038106 4.60E-06 9.80E-02 4.70E-05 18
Chromium 7440-47-3 0.015259293 --(b) -- -(b)

Cobalt 7440-48-4 -- 0.004495239 --(b) 6.OE-06 --(b)

Copper 7440-50-8 0.004447607 --(b) -- (b)

Fluoride 16984-48-8 -- 0.2940596 -- (b) 1.30E-02-(b)
Hexavalent Chromium 18540-29-9 0.191 --(b) 1.00E-04--(b)

Iron 7439-89-6 0.090209963 --(b) -- (b)
Lead 7439-92-1 0.001548018 --(b) -- (b)

Manganese 7439-96-5 0.006198141 --(b) 5.00E-05-(b)

Nickel 7440-02-0 -- 0.011729633 --(b) 9.00E-05-(b)

Nitrate 14797-55-8 -- 34.098186 --(6) - --()

Nitrite 14797-65-0 -- 0.057119962 -(b) -- -()

Nitrogen in Nitrite and Nitrate NO2+NO3-N -- 14.7 --(b) - -(b)

Octachlorodibenzofuran 39001-02-0 -- 9.9649E-09 --(b) -- (b)

Octachlorodibenzo-p-dioxin 3268-87-9 5.8071E-09 --(b) -- (b)

Silver 7440-22-4 -- 0.005686587 --(b) -- (b)

Strontium 7440-24-6 0.2694514 -- (b) --- b

Sulfate 14808-79-8 -- 64.094058 -- b) - --(b)

Toluene 108-88-3 Yes 3.56519E-05 4.31E-07 5.OOE+00 8.62E-08 0.033

Total petroleum hydrocarbons -gasoline range TPHGASOLINE -- 0.05 --(b) -(b)

Trichloroethene 79-01-6 Yes 0.000563286 6.81E-06 3.S0E-02 1.94E-04 74

Uranium 7440-61-1 -- 0.020191069 --(b) 3.00E-04 --(b)

Vanadium 7440-62-2 -- 0.02186531 --(b) - (b)
Zinc 7440-66-6 0.095789222 --(b) --

Total 2.63E-04 100

EPA Region3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

HQ= hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

Cancer risk calculation

200-PO-1 Groundwater Operable Unitr Cm CDI (carcinogen) IUR' Risk %

Near-Field Exposure Area Nonradioactive COPC j CAS # Volatile' (mg/L) (pg/m
3
) (pg/m')

3
(unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin
1, 2,3,4,6,7,8-Heptachlorodibenzofuran
1, 2,3,4,7,8-H exach lorodibenzofuran
1, 2,3,6,7,8-Hoexach lorodibenzofuran
1,2-Dichloroethane
2,3,4,6-Tetrachlorophenol
Aluminum
Arsenic
Barium

Beryllium

Bis(2-ethylhexyl) phthalate
Cadmium
Carbon tetrachloride
Chlonide
Chloroform
Chromium
Cobalt
Copper
luoride
-exavalent Chromium

ead
Manganese
Nickel
Nitrate
Nitrite
Nitrogen in Nitrite and Nitrate

35822-46-9
67562-39-4
70648-26-9
57117-44-9

107-06-2
58-90-2

7429-90-5
7440-38-2
7440-39-3
7440-41-7
117-81-7
7440-43-9
56-23-5

16887-00-6

67-66-3
7440-47-3
7440-48-4
7440-50-8

16984-48-8
18540-29-9
7439-89-6
7439-92-1
7439-96-5
7440-02-0

14797-55-8
14797-65-0
NO2+N03-N

Yes

Yes

Yes

3.734E-09
5.66E-09
2.9E-09
2.1E-09
0.00064
0.0077

0.046776593
0.00579213
0.053448218
0.000342265

0.011
0.002729138
0.000282669

12.62269
0.00038106
0.01S259293
0.004495239
0.004447607

0.2940596
0.191

0.090209963
0.001548018
0.006198141
0.011729633

34.098186
0.057119962

14.7

--(b)

-- (b) I
7.73E-03

-- (b)
-- (b)
-- (b)

--(b)-- (b)

3426E-03

-- (b)
4.6E-03-

--(b)

-S)

--(b)

--(b)

--(b)
--(b)
--(b)

--(b)
--(b)
--(b)

3.80E-01
3.80E-01
3.80E+00
3.80E+00
2.60E-05

4.30E-03

2.40E-03
2.40E-06
1.80E-03
1.50E-05

2.30E-05

9.00E-03

8.40E-02

2.60E-04

-(k)
-b)

--(b)
2.01E-07

--(b)
--(b)

-b)

(b)

5.02E6-08

--(b)-- b)

38

9.7

20
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Octachlorodibenzofuran 39001-02-0 -- 9.9649E-09 --(b) 1.14E-02- -(b)
Octachlorodibenzo-p-dioxin 3268-87-9 -- 5.8071E-09 --(b) 1.14E-02--(b)
Silver 7440-22-4 -- 0.005686587 --(b) -- (b)
Strontium 7440-24-6 - 0.2694514 --(b) -- (b)
Sulfate 14808-79-8 - 64.094058 --(b) -- --(b)
Toluene 108-88-3 Yes 3.56519E-05 4.31E-04 -- -
Total petroleum hydrocarbons - gasoline range TPHGASOLINE 0.05 --(b) - -()
Trichloroethene 79-01-6 Yes 0.000563286 6.81E-03 2.50E-05 1.70E-07 32
Uranium 7440-61-1 -- 0.020191069 --(b) -- -()
Vanadium 7440-62-2 -- 0.02186531 --(b) -- (b)
Zinc 7440-66-6 -- 0.095789222 --(b) --(b)
Total ELCR 5.28E-07 100
' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://w.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm
t
Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC=semivolatile organic compound.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Near-Field exposure area - Yakima Nation

Inhalation of Volatile Radioactive Compounds in Drinking Water - Yakima Nation

Intake Parameter Values Value

Factor Symbol Adult Child Unit Reference

Chronic Daily Intake CDI calclated pCi EPA 1989

Contaminant concentration in drinking water C. ontaminant-spenific pCi/I ECF-200POI-09-2027

Exposure frequency EF 365 365 days/year Ridolfi,2007
Exposure duration ED 70 6 years Ridolfi, 2007
Inhalaton Rate INH 26 16 m'/day Ridolfi, 2007
Exposure Vime ET 0.58 1 hr/day U.5. EPA, 2004

Age Adjusted Exposure Time ET, hrs
Calculated using the
age adjusted intake

0.616 factors equation
Radiation Age-adjusted inhalation rate INHRADs, 1760 m-yr/day

Calculates using the
age adjusted intake
factors equation

Andelman Volatilization Factor VF 0.5 m
5
/kg U.S. EPA, 0991b

Radiation Inhalation of Volatiles Slope Factor Sf1 Chemical Specific riskpCi .S. E PA, 1097

Ridolfi 2007, Ykamo Nteon Exposure Scenarifor Hanford Site Rk Assessment.

ECF-200POt-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume,: Human health evaluation manual (PartA). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume i: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

Inhalation of Volatile Radioactive Constituents in Groundwater

200-PO-1Groundwater Operable Unit Cw CDI (radiological inhalation) SF, Risk %

Near-Field Exposure Area Radioactive COPC CAS # VOC" (pCi/L) (pCi) (risk/pCi) (unitless) Contribution

Gross alpha 12587-46-1 - 5.3264311 --(b) --ib)

iodine-129 15046-84-1 - 2.708038 --(b) 6.07E-11 -b)
Plutonium-239/240 PU-239/240 - 0.029 --(b) 3.33E-08 -k(b)
Protactinium-231 14331-85-2 0.28 -(b) 4.55E-08 --(b)

Strontium-90 10098-97-2 - 4.3004432 --(b) 1.05E-10 --(b)

Technetium-99 14133-76-7 - 1667.3497 --(b) 1.41E-11 -- )
Tritium 10028-17-8 Yes 156901.45 1.29E+09 5.62E-14 7.27E)5 00
Total EcCR 7.27E-5 100

' Radiological contaminants considered volatile for the groundwater inhalation pathway are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final Office of Emergency and Remedial Response.

COPC contaminant of potential concern.

ELCR excess lifetime cancer risk.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Near-Field exposure area - Yakima Nation

Ingestion of Radioactive Compounds in Drinking Water -Yakima Nation

Intake Parameter Values Value

Factor Symbol Unit Value Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration in drinking water C, contaminant-specific pCi/I ECF-200PO1-09-2027
Exposure frequency EF 365 365 days/year Ridolfi, 2007

Exposure duration ED 70 6 years Ridolfi, 2007
Drinking Water Ingestion Rate IRW 4 2 1/day Ridolfi, 2007
Radiation Age-adjusted drinking water ingestion rate IRWRAD, 268 [--yr/day

Calculated using the

age adjusted intake

factors equation
Radiation Ingestion of Water Slope Factor Sfo Chemical Specific risk/pCi U.S. EPA, 1997

Ridolfi 2007, Yakama Nation Exposure Scenariofor Hanford Site Risk Assessment.

ECF-200PO1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

Ingestion of Radioactive Constituents in Groundwater

200-PO-1 Groundwater Operable Unit Cw CDI (radiological ingestion) SF0  Risk %

Near-Field Exposure Area Radioactive COPC CAS # (pCi/L) (pCi) (risk/pCi) (unitless) Contribution

Gross alpha 12587-46-1 5.3264311 5.21E+05 -

lodine-129 15046-84-1 2.708038 264,900 1.48E-10 3.92E-05 3.0
Plutonium-239/240 PU-239/240 0.029 2,837 1.35E-10 3.83E-07 0.030
Protactinium-231 14331-85-2 0.28 27,390 1.73E-10 4.74E-06 0.37

Strontium-90 10098-97-2 4.3004432 420,669 5.59E-11 2.35E-05 1.8
Technetium-99 14133-76-7 1667.3497 1.63E+08 2.75E-12 4.49E-04 35
Tritium 10028-17-8 156901.45 1.53E+10 5.07E-14 7.78E-04 60
Total ELCR 1.29E-03 10

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit River Unconfined Exposure Area Native American Risk Assessment (5-Year)-Summary of Yakima Nation Drinking Water Exposure Scenario Noncancer Hazard Results for
Nonradioactive COPCs in Groundwater.

COPC Contaminant Concentration in Groundwater VOC? HQ (Inhalation) HQ (ingestion) HQ (Dermal) Total HI %

C, (mg/L) (unitess) (unitless) (unitless) (unitless) Contribution

Acetone 0.0011 Yes 4.29E-07 6.98E-05 -- 7.03E-05 0.0031
Arsenic 0.005767892 -- --(b) 1.10E+00 2.87E-03 1.10E+00 49
Barium 0.049451657 -- --(b) 1.41E-02 5.27E-04 1.47E-02 0.65
Carbon tetrachloride 0.000271961 Yes 1.73E-05 2.22E-02 2.97E-03 2.52E-02 1.1
Chloride 11.3727 - -(b) -- --

Chloroform 0.000814875 Yes 1.00E-04 4.66E-03 2.12E-04 4.97E-03 0.22
Chromium 0.009951236 -- --(b) 3.79E-04 7.61E-05 4.55E-04 0.020
Copper 0.00597989 -- -(b) 8.54E-03 2.23E-05 8.56E-03 0.38
Fluoride 0.28680392 -- --(b) 2.73E-01 7.13E-04 2.74E-01 12
Iron 0.61057915 -- --(b) 4.98E-02 1.30E-04 5.OOE-02 2.2
Lead 0.0006805 -- -- (b) -

Manganese 0.041694118 - --(b) 9.93E-02 6.48E-03 1.06E-01 4.7
Nickel 0.0056 --(b) 1.60E-02 2.09E-04 1.62E-02 0.72
Nitrate 28.582087 -- --(b) 2.30E-01 6.00E-04 2.31E-01 10
Nitrite 0.46 -- --(b) 8.76E-02 2.29E-04 8.78E-02 3.9
Strontium 0.38963943 --(b) 3.71E-02 9.69E-05 3.72E-02 1.6
Sulfate 42.560202 - -- (b) --

Thallium 0.00037 -- (b) - -

Uranium 0.005589723 -- -(b) 1.06E-01 2.78E-04 1.07E-01 4.7
Vanadium 0.016788235 -- -(b) 1.92E-01 5.01E-04 1.92E-01 8.5
Zinc 0.006671161 --(b) 1.27E-03 1.99E-06 1.27E-03 0.056

Total 1.18E-04 2.24 0.02 2.26 100

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.

HQ= hazard quotient.

HI = hazard index.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

200-PO-1 Groundwater Operable Unit River Unconfined Exposure Area Native American Risk Assessment (5-Year)-Summary of Yakama Nation Drinking Water Exposure Scenario Cancer Risk Results for Nonradioactive

COPCs in Groundwater.

COPC Contaminant Concentration in Groundwater VOC? Risk (Inhalation) Risk (Ingestion) Risk (Dermal) Total Risk %

C, (mg/L) (unitless) (unitless) (unitless) (unitess) Contribution

Acetone 0.0011 Yes - --

Arsenic 0.005767892 --(b) 5.45E-04 1.44E-06 5.46E-04 99
Barium 0.049451657 - -- (b) - -

Carbon tetrachloride 0.000271961 Yes 0.0000 2.23E-06 2.93E-07 2.57E-06 0.47
Chloride 11.3727 - -- (b) - - -

Chloroform 0.000814875 Yes 0.0000 1.59E-06 7.13E-08 1.89E-06 0.34
Chromium 0.009951236 - -- (b) -- -

Copper 0.00597989 -- -- (b) - - -

Fluoride 0.28680392 -- (b) -

Iron 0.61057915 -- (b) -

Lead 0.0006805 - -- (b) -

Manganese 0.041694118 --(b) - - -

Nickel 0.0056 -- (b) - -

Nitrate 28.582087 - -(b)
Nitrite 0.46 -- (b)- --

Strontium 0.38963943 - -(b) -

Sulfate 42.560202 - -- (b) - -

Thallium 0.00037 - -- (b) -

Uranium 0.005589723 - -- (b)- --

Vanadium 0.016788235 - --(b)- -

Zinc 0.006671161 - -(b)
Total ELCR 2.76E-07 5.49E-04 1.81E-06 5.51E-04 100

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

ELCR = excess lifetime cancer risk.

' Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.
b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit River Unconfined Exposure Area Native American Risk Assessment (5-Year)-Summary of Yakama Nation Drinking Water Exposure Scenario Cancer Risk

Results for Radioactive COPCs in Groundwater.

COPC Contaminant Concentration in Groundwater VOC? Risk (Inhalation) Risk (Ingestion) Total Risk %

C (pCi/L) (unitless) (unitless) (unitless) Contribution

Gross alpha 2.4 - -(b) -

Gross beta 31.1 - -(b) -

Strontium-90 2.60 --(b) 1.42E-05 1.42E-05 3.30

Technetium-99 121 --(b) 3.25E-05 3.25E-05 7.6

Tritium 70,724 Yes 3.28E-05 3.51E-04 3.84E-04 89

Total ELCR 3.28E-05 3.98E-04 4.30E-04 100
1- inC- 1d -fI n /
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VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--River exposure area -Yakima Nation

Ingestion of Nonradioactive Compounds in Drinking Water

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

Ingestion Chronic Daily Intake CDI calculated mg/kg-day EPA 1989

Contaminant concentration in Drinking Water Cw contaminant-specific mg/L ECF-200P1-09-2027

Average Body Weight BW 70 16 kg Ridolfi, 2007

Drinking Water Ingestion Rate IRW 4 2 Liters/day Ridolfi, 2007
Calculated using the age
adjusted intake factors

Age-Adjusted Drinking Water Ingestion Rate IRWadj 4.407 L-yr/kg-day equation

Exposure Frequency EF 365 days/yr Ridolfi, 2007

Exposure Duration ED 70 6 yr Ridolfi, 2007

Averaging time AT 70 yr Ridolfi, 2007

RfDo Oral Reference Dose Chemical Specific mg/kg-day EPA 2009

CSFo Oral Cancer Slope Factor Chemical Specific (mg/kg-day)
t  

EPA 2009

CF2 Conversion Factor 365 days/year EPA 1989

Ridolfi 2007, Yakama Notion Exposure Scenario for Hanford Site Risk Assessment.

ECF-200PO-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA, 2009 EPA Region II Regional Screening Level downloaded December 2009. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cw CDI (noncarcinogen) RfD HQ %

River Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution

Acetone 67-64-1 0.0011 6.29E-05 0.90 6.98E-05 0.0031
Arsenic 7440-38-2 0.005767892 3.30E-04 3.00E-04 1.1 49

Barium 7440-39-3 0.049451657 2.83E-03 0.20 0.014 0.63
Carbon tetrachloride 56-23-5 0.000271961 1.55E-05 7.OE-04 0.022 0.99
Chloride 16887-00-6 11.3727 6.50E-01 - -

Chloroform 67-66-3 0.000814875 4.66E-05 0.010 0.0047 0.21
Chromium 7440-47-3 0.009951236 5.69E-04 1.5 3.79E-04 0.017
Copper 7440-50-8 0.00597989 3.42E-04 0.040 0.0085 0.38

Fluoride 16984-48-8 0.28680392 1.64E-02 0.060 0.27 12

Iron 7439-89-6 0.61057915 3.49E-02 0.70 0.050 2.2

Lead 7439-92-1 0.0006805 3.89E-05 -- --

Manganese 7439-96-5 0.041694118 2.38E-03 0.024 0.099 4.4

Nickel 7440-02-0 0.0056 3.20E-04 0.020 0.016 0.71
Nitrate 14797-55-8 28.582087 1.63E+00 7.1 0.23 10
Nitrite 14797-65-0 0.46 2.63E-02 0.30 0.088 3.9

Strontium 7440-24-6 0.38963943 2.23E-02 0.60 0.037 1.7
Sulfate 14808-79-8 42.560202 2.43E+0 - --

Thallium 7440-28-0 0.00037 2.11E-05 -- --

Uranium 7440-61-1 0.005589723 3.19E-04 0.0030 0.11 4.8
Vanadium 7440-62-2 0.016788235 9.59E-04 0.0050 0.19 8.6
Zinc 7440-66-6 0.006671161 3.81E-04 0.30 0.0013 0.057
Total 2.2 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).

COPC = contaminant of potential concern.

HQ = hazard quotient.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cw CDi (carcinogen) CSF, Risk %

River Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution

Acetone 67-64-1 0.0011 6.93E-05 -

Arsenic 7440-38-2 0.005767892 3.63E-04 1.50E+00 5.45E-04 99
Barium 7440-39-3 0.049451657 3.11E-03 - -

Carbon tetrachioride 56-23-5 0.000271961 1.71E-05 1.30E-01 2.23E-06 0.41

Chloride 16887-00-6 11.3727 7.16E-01
Chloroform 67-66-3 0.000814875 5.13E-05 3.10E-02 1.59E-06 0.29
Chromium 7440-47-3 0.009951236 6.27E-04 -

Copper 7440-SO-8 0.00597989 3.76E-04
Fluoride 16984-48-8 0.28680392 1.81E-02
Iron 7439-89-6 0.61057915 3.84E-02 -

Lead 7439-92-1 0.0006805 4.28E-05 - -

Manganese 7439-96-S 0.041694118 2.63E-03
Nickel 7440-02-0 0.0056 3.53E-04 - -

Nitrate 14797-55-8 28.582087 1.80E+00
Nitrite 14797-65-0 0.46 2.90E-02 - -

Strontium 7440-24-6 0.38963943 2.45E-02 -

Sulfate 14808-79-8 42.560202 2.68E+00 -- -

Thallium 7440-28-0 0.00037 2.33E-05 --

Uranium 7440-61-1 0.005589723 3.52E-04 -

Vanadium 7440-62-2 0.016788235 1.06E-03 -- -

Zinc 7440-66-6 0.006671161 4.20E-04 -

Total ELCR 5.49E-04 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part A).

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--River exposure area - Yakima Nation

Inhalation of Volatile Nonradioactive Compounds in Drinking Water

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source
EPA 2009b

mg/m' for noncarcinogens,

Inhalation Chronic Daily Intake CDI calculated pg/m' for carcinogens

Contaminant concentration in drinking water C, contaminant-specific mg/L ECF-200PO1-09-2027

Exposure Time ET 0.580 -- hours/day U.S. EPA, 2004

Exposure Frequency EF 365 days/yr Ridolfi, 2007
Exposure Duration ED 70 yr Ridolfi, 2007
Averaging Time AT 70 -- yr Ridolfi, 2007
Andelman Volatilization Factor VF 0.5 m'/kg U.S. EPA, 1991
Inhalation Reference Concentration RfC, Chemical Specific mg/i EPA 2009a

Inhalation Unit Risk IUR Chemical Specific (pg/i)' EPA 2009a

Conversion Factor CF1 365 days/year EPA 2009b
Conversion Factor CF2 0.042 iday/24 hours EPA 2009b

Ridolfi 2007, Yakma Nation Exposure Scenriofor Hanford Site Risk Assessment.

ECF-200P1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

U.S. EPA, 2009a EPA Region III Regional Screening Level downloaded December 2009. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/Generic_Tables/index.htm

U.S. EPA 2009b. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit C. CDI (noncarcinogen) RfC' HQ %

River Exposure Area Nonradioactive COPC CAS # Volatile (mg/L) (mg/m') (mg/i) (unitless) Contribution
Acetone 67-64-1 Yes 0.0011 1.33E-05 3.10E+01 4.29E-07 0.36
Arsenic 7440-38-2 -- 0.005776892 --(b) 1.50E-05 --(b)
Barium 7440-39-3 -- 0.049451657 --(b) S.OOE-04 --(o)
Carbon tetrachloride 56-23-5 Yes 0.000271961 3.29E-06 1.90E-01 1.73E-05 is
Chloride 16887-00-6 11.3727 --(b) ---- (b)
Chloroform 67-66-3 Yes 0.000814875 9.85-O 9.80E-02 1.00E-04 85
Chromium 7440-47-3 -- 0.0099S1236 --(b) -- --(b)
Copper 7440-SO-8 0.00597989 --Ib) -- (b)
Fluoride 16984-48-8 -- 0.28680392 --(b) 1.30E-02 --(b)
Iron 7439-89-6 -- 0.61057915 --(b) -- --(b)
Lead 7439-92-1 -- 0.0006805 --(b) -- --fo)
Manganese 7439-96-5 -- 0.041694118 --(b) 5.OE-05 --(b)
Nickel 7440-02-0 0.0056 --(b) 9.OE-05- -(b)
Nitrate 14797-55-8 -- 28.582087 --(b) -- --(b)
Nitrite 14797-65-0 -- 0.46 --(b) -- --(b)
Strontium 7440-24-6 -- 0.38963943 -(b) -- --(b)
Sulfate 14808-79-8 -- 42.560202 -(b) --- (b)
Thallium 7440-28-0 -- 0.00037 -- v) -- (b)
Uranium 7440-61-1 -- 0.005589723 --(b) 3.OOE-04 --(b)
Vanadium 7440-62-2 -- 0.016788235 --(b) --(b)
Zinc 7440-66-6 -- 0.006671161 --b) -- b)
Total 1.18E-04 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://w .epa.gov/reg3hwmd/rsk/human/rb-concentrationtable/GenericTables/index.htm

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.
HQ = hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

Cancer risk calculation

200-PO-1Groundwater Operable Unit Cw CDI (carcinogen) IUR' Risk %

River Exposure Area Nonradioactive COPC CAS # Volatile' (mg/i) (pg/m') (pg/m' (unitless) Contribution
Acetone 67-64-1 Yes 0.0011 1.33E-02 --
Arsenic 7440-38-2 -- 0.005767892 --(b) 4.30E-03 --(b)
Barium 7440-39-3 0.049451657 --(b) -- --(b)
Carbon tetrachloride 56-23-S Yes 0000271961 329E-03 1.50E-05 4.93E-08 18
Chloride 16887-00-6 -- 11.3727 --(b) --(b)
Chloroform 67-66-3 Yes 0.000814875 9.85E-03 2.30E-05 2.26E-07 82
Chromium 7440-47-3 -- 0.009951236 --(b) --(b)
Copper 7440-50-8 -- 0.00597989 --(b) -- --(b)
Fluoride 16984-48-8 0.28680392 --(b) -- (b)
Iron 7439-89-6 -- 0.61057915 --(b) -- --(b)
Lead 7439-92-1 -- 0.0006805 --(b) -- --(b)
Manganese 7439-96-5 0.041694118 --(b) -(b)
Nickel 7440-02-0 0.0056 --() 2.60E-04-(b)
Nitrate 14797-55-8 28.582087 --(b) -- --(b)
Nitrite 14797-65-0 -- 0.46 -- (b) - -(b)
Strontium 7440-24-6 -- 0.38963943 --(b) -- --(b)
Sulfate 14808-79-8 -- 42.560202 --(b) -- --(b)
Thallium 7440-28-0 -- 0.00037 --(b) -- --(b)
Uranium 7440-61-1 0.005589723 --(b) -- --(b)
Vanadium 7440-62-2 0.016788235 --(b) -- (b)
Zinc 7440-66-6 -- 0006671161 --(b) -- ()
Total ELCR 2.76E-07 100
* EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
5
Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume i: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

ELCR excess lifetime cancer risk.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Naie Amenican Risk Assessmen (5-Year)-Rieremposur area- Vakims Nation

E te nkV0Parnmet/asValuesEvalue

Parameter Symbol Adult Child Ui S ...ce
o at ioC contamant-spefic mg/L ECF-200PO-09-2027

Averange Body Weight BW 70 16 kg Harris et a,2004

ExposurTlme ET 0.58 1.0 hDurs/day U.S.EPA,2004
,,,cuatd usng the age

Cdustd0r ne fa00 r

ETxposure Time (Agm-AdjutrdEhadj 0616 hours/day equation

Surface AreSAi C18,tChi 6,600lSocuRidslf , 2007
Calculated using the age

adjusted ,take factrs

Age-Adjusted Surf.c.Arm.SAdj 18,932m kg-day) equ dtn

Event Frequen..y EV 1.0 1 1.0 Event/day sU.S. EPA, 2004

Exposure Fequency EF 365 day s/yr Ridlf, 2007

EpDsre Duration Ere D Ce60 yr Harris /toEA, 2004

Averaging time AT 70- yr Rdl~f, 2017

RfDo Oral Reference Dose Chemical Specific mg/kg-day EPA 2009

CSFO Oral Cancer Slope Factor Chemical Specific (mg/kg-day)- E PA 2009

CF2 ....ersio Factor 365 day /y-arE PA 2009

Conversion Factor CF3 0.001 L/cm' I L = 1000 tm
tL Time to reach steady state Chemical Specific hours EPA, 2004

R Dermal Partitioning Cins7xut Chemical Specficx onfteAs EPA, 2004

DA Absorbed Dose per Event Chemical Specific (/m-evert} Calculaed usng derml

E 2xpCsurG to grandtCter

eq-utisasprovded by
U.S. EPA, 2004

KpD ermal Permeability Constat Chemical Spec"fi cm/hour EA,24

FAp FractionAbsorbed Chemical 5pcii! ---- untes EPA20

1 Lag Time Chemial Spcif hours EPA20

Nicoll 2011,Y k11-11t,1nxpsure 'mn-rfor Hfrd SiteRiskAss....smt.
ECF-2001-09-2027: Exptsure Point Concentrtion for Groundwter Risk Assssment at the 200-PO-1 Operable Unit. CH PRC 2010

U.S. EPA 1991. Risk Assessment Guidance for tuperfund, Volume I: Human Health Evaluation Manual (Part 8, Development of Risk-lased Preliminary Remediation Goals).

U.S. EPA 2004. Risk Assessment Guidance for Superfund xume 1: Human Health Evaluathon Manual (Part E, Supplemenal Guidance for Dermal Risk Assessment)

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume : Human Health Evaluation Manual (Part F, Supplemental Guidance for inhalation Risk Assessment) FInal

Absorbed Dermal Dove Calculation

DA

Cw FA K K 'b 1noncncer)DAos er)

(mg/om-. (mg/cmo _

Cuntaminant of Potential Concem CAS # (mg/L) inorganic/orgsn ' (unitelsss) (cm/hour (unless) (hours/even) (hours) event) event)

Acetone 67-64-1 0.0011 - 0.000S12 - - - -

Arsenic 7440-38-2 0005767892 INORGANIC - 0.001 .3- - 3E-09 3.55E-09

Brm7440-30-3 0.049451657 INORGANIC -- 0.00 - - 2.87E-08 3.05E-08

Cabyr tetralhride 56-23-5 0.000271961 - 0 0.016 0. 10.78 1.86 8.09E-09 8.34E-09

Chlo Ide 16887-00-6 11.3727 INORGANIC -- 0.001 - -- 6.60E-06 7.01E-06

Chloroform 67-66-3 0.000sI4875 - 1 0.0068 0 0.5 1.19 R.25E-09 8.50E-09
Chromium 7440-47-3 0009951236 INORGANIC -- 0.00 -- -- -- 5.77E-09 6.13E-09
Copper 7440-50-8 0.00597989 INORGANIC -- 0.003 -- - - 0.47E-09 3.68E-09

Fluoride 16984-48-8 028680392 iNORGANIC - 0.001 -- 0.66-07 1.77E-07

Io 7439-89-6 0.61057915 INORGANIC .- 0.00 - - 3.54E07 3.76E-07

Lead 7439-92-1 0.0006805 INORGANiC - 0.0001 -- -- 3E-11 4.19E-11

Manganese 7439-96-5 0041694118 INORGANIC 0.001 - - 2.40E-08 2.57E-08
Nickel 7440-02-0 0.0056 INORGANIC 0.0002 - - - 6.50-00 6.90E-10
Nitrate 14797-5-8 28.582087 INORGANIC -- 0.001 -- -- - 0.66E-OS 1.76E-05
Nitrite 14797-65 0.46 INORGANIC 0000 2.676-07 2.83E-07
Strortium 7440-24-6 0.38963943 iNORGANoC - 0.000 - - 2.266-07 2.40E-07

Sulfate 14808-79-8 42.5602 INORGANIC -- 0.000 -- - - 2.47E-0S 0.62E-05
Thallium 7440-28-0 0.00037 INORGANiC o0.00 - - - 2.05E-00 2.28E-10
Uranium 7440-61-1 0.005589723 INORGANiC -o 0.00 - - - 3.24E-09 3.44E-09

Vanadium 7440-62-2 E.0167'8235 INORGANIC -- 0.000 - - - 9.74E-00 1.03E-08
Zinc 7440-66-6 0.006670060 iNORGANIC - 0.0006 - - -- 2.32E-00 2.47E-09

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Hesih Evaluation Manual (Par E, Supplemental Guidance for Deiral Risk Assessment)

EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2
EPA/4/R/99/005 Exhibit 6-3

'the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gxx

Non-canter HQ calculation

200-PO-1Groundwater OperableUnit Cw CDI(noncaminogen) RfD," GIABS HQ N

River Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitiess) (unitless) Contribution

Acesone 67-"4- 0.0011 - 9.00E-00 0 --

Arsenic 7440-38-2 0.005767892 8.60E-07 3.00E-04 1 0.0029 18

Barum 740-39-3 0.049451657 7.38E-06 2.00E-01 0.07 5.27E-04 3.3

Carbon tetrachlonde 56-23-5 0.000271961 2.08E-06 7.00E44 0 0.0030 19

ChloInde 16887-00-6 11.3727 1706-03 - 1
Chlorform 67-66-3 0.00014875 2.12E-06 0.00E-02 0 2.12E-04 1.3

Chremium 7440-47-3 0.000951236 1.44E-06 1.hOE+00 0.013 7.61E-0S 0.48
Copper 7440-50-8 0.00597989 .92E-07 4.00E-02 0 2.23E-05 0.14

Fluoride 0608448-8 0.28680392 4.28E-05 6.00E-02 1 7.13E-04 4.5

In 7439-89-6 0.61057915i . -05 7.00E-01 1 1.30E-04 0.02

Lead 7439-92-1 0.0006805 1.00-08 - I --
Manganese 7439-96-5 0.041694118 6.22E-06 2.40E-02 0.04 0.0065 41

Nickel 7440-02-0 0.0056 0.67E-07 2.00E-02 0.04 2.09E-04 1.3
Nitrate 14797-55-8 28.82087 4.26E-03 7.10E+00 1 6.00E-04 I.8

Nitrite 14797-65-0 O.a 686E-05 3.00E-01 1 2.29E-04 0.4

Strinum 7440-24-6 0.38963943 5.80E-05 6.00E-01 1 9.69E-05 0.61

Sulfste 14808-79-8 42.560202 6.35E-03 -- --
Thallium 7440-28-0 0.00037 5.52E-08 -- 0I--

Ursnium 7440-61-1 0.005589723 8.34E-07 3.00E-03 0 2.78E-04 1.7

Vanadium 7440-62-2 0.016788235 2.50E-06 5.00E-03 1 5.01E-04 3.1

Zic 7440-66-6 0.006671161 5.97E-07 3.00E-0 1 1.0E-06 0.03
Txtai 0.06 100

* EPA Region 3 RegionalScreening Level tables dxwnloaded January 2010. http://w .epa.gv/mg3hwmd/,sk/human/rb-oncentration_table/GenericTables/inde.htm

- u indicates toxicity criera not available to quantity contaminant's noncancer haard lvia this exposure mute.

EPA 540/1-89/002 Risk Assessment Guid.ncexfrSuperfuod Volume l: Human Health Eveution Manual (Pact A).

COPC u contaminant of potential concem.
HQ = nazard quotient.

Cancer riskcalculatioun

200-PO-1GrmundwaterOperable Unit Coo CDI(carcinogen) CSF GABS Risk Risk

River ExposureAreaNonradioactiveCOPC CAS# (mg/L) (mg/kg-day) k y) lunitless) (unitiess) (unitless)

Acton. 67-641 0.0Nil -
Arsenic 7440-38-2 0005767892 9.61E-07 0.5OEO00 0 0.44E-06 80
Barum 7440-39-3 0049451657 8.24E-06 0.07 -

Carbontetrachloride 56-23-5 0.000271060 2.25E-06 1.30E-01 0 2.93E-07 16

ChIOde 16887-00-6 11.3727 1.89E-03 - 0
Chlomform 67-66-3 0 00014875 2.30E-06 3.10E-02 0 7.13E-08 3.9
Chromium 7440-47-3 0009951236 1.66E-06 - 0.013

Copper 7440-50-8 0.00597909 9.96E-07 - 0 -

Fluoride 16984-48-8 0.2680392 4.78E-05 0 -
ron 7439-89-6 0.61057915 0.02E-04 - 0 -

Lead 7439-92-1 0.0006805 0.13E-08 -- 0

Manganese 7430-96-5 0.041694118 6.95E-06 -- 0.04 -

Nickel 7440-02-0 0.0056 .R7E-07 -0.04 -
Nisrate 14707-55-8 28.582087 4.76E-03 0 -
Nitrte 14797-65-0 0.46 7.66E-05 - 1
Serontium 7440-24-6 0.38963943 6.49E-05 - 0

Sulfate 14808-79-8 42.560202 7.09E-03 - -
Thallium 7440-28-0 0.00037 6.16E-08
Uranium 7440-61-1 0.005589723 9.31E-07 -- 1 -

Vanadium 7440-62-2 0016788235 2.80E-06 -- 1 -

Ziro 7440-66-6 0006671161 6.67E-07 - 0

TotalELCR 1.806-06 000

'EPA Region 3 Regional Screening Level tables downloaded January2010. hp://w w.epa.go/reg3hwmd/rsk/human/rb-concentration_tabie/GenericTables/inde.hm
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- nducatestoxcty crtena not avalable to quantIfy contamtnant's cancer risk via this expos ,mute.
EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manuuol (Pat A).

COPC = contaminant of potental concern.
ELCR = escess lifetime cancer rsk.
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200-PO-1groundwater operable unit Native American Risk Assessment (5-Year)--River exposure area - Yakima Nation

innalation or volatie 1aioactive compounas in urinng Water

Intake Parameter Values Value
Factor Symbol Adult Child Unit Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration in drinking water C. contaminant-specific pCi/I ECF-200P01-09-2027

Exposure frequency EF 365 365 days/year Adolf, 2007

Exposure duration ED 70 6 years Ridolfi, 2007
Inhalation Rate INH 26 16 m

5
/day Ridolfi, 2007

Exposure time ET 0.58 1 hr/day U.S. EPA, 2004
Age Adjusted Exposure Time ET, hrs

Calculated using the age
adjusted intake factors

0.616 equation
Radiation Age-adjusted inhalation rate INHRAD, 1760 mi-yr/day

Calculated using the age
adjusted intake factors

Andelman Volatilitation Factor VF 0.5 mr/kg U.S. EPA. 1991k

Radiation Inhalation of Volatiles Slope Factor Sf1 Chemical Specific rsk/pCi U.S. EPA, 1997
Ridolfi 2007, Yokoma Nation Exposure Scenariafor Hanford Site Risk Assessment.

ECF-200PO1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010
U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.
U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume : Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).
U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.
U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

Inhalation of Volatile Radioactive Constituents in Groundwater
200-PO-1Groundwater Operable Unit Cw CDI (radiological inhalation) SF, Risk %

River Exposure Area Radioactive COPC CAS # VOC' (pCi/L) (pCi) (risk/pCr) (unstless) Contribution
Gross alpha 12587-46-1 -- 2.4 --(b) --(b)
Gross beta 12587-47-2 -- 31.1 --(b) --- (b)
Strontium-90 10098-97-2 -- 2.60 --(b) 1.0SE-10 --(b)
Technetium-99 14133-76-7 -- 121 --(b) 1.41E-11 --(b)
Tritium 10028-17-8 Yes 70,724 5.83E+08 5.62E-14 3.28E-05 100
TotalELCR 3.28E-05 100
' Radiological contaminants considered volatile for the groundwater inhalation pathway are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway
U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.
COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk,

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--River exposure area - Yakima Nation

ingestion of Radioactive Compounds in Drinking Water

Intake Parameter Values Value

Factor Symbol Unit Value Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration in drinking water C, contaminant-specific pCi/I ECF-200PO1-09-2027

Exposure frequency EF 365 365 days/year Ridolfi, 2007
Exposure duration ED 70 6 years Ridolfi, 2007
Drinking Water Ingestion Rate IRW 4 2 L/day Ridolfi, 2007
Radiation Age-adjusted drinking water ingestion rate IRWRAD,; 268 L-yr/day

Calculated using the

age adjusted intake

factors equation
Radiation Ingestion of Water Slope Factor Sfo Chemical Specific risk/pCi U.S. EPA, 1997

Ridolfi 2007, Yakama Nation Exposure Scenariofor Hanford Site Risk Assessment.

ECF-200PO1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

Ingestion of Radioactive Constituents in Groundwater

200-PO-1 Groundwater Operable Unit Cw CDI (radiological ingestion) SF0  Risk %

River Exposure Area Radioactive COPC CAS # (pCi/L) (pCi) (risk/pCi) (unitless) Contribution

Gross alpha 12587-46-1 2.4 233,594 -- --

Gross beta 12587-47-2 31.1 3,041,733 -- --

Strontium-90 10098-97-2 2.60 254,332 5.59E-11 1.42E-05 3.6

Technetium-99 14133-76-7 121 1.18E+07 2.75E-12 3.25E-05 8.2
Tritium 10028-17-8 70,724 6.92E+09 5.07E-14 3.51E-04 88
Total ELCR 3.98E-04 100

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area - CTUIR

COPC ontaminant Concentration in Groundwat{ VOC? HO (Inhalation) HQ (Ingestion) HQ (Dermal) T Total HI %

C, mg/L) [(unitless) (unitless) (unitless) (unitless) Contribution

Total - 1.59E-03 2.80 0.05 2.85 100
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
HQ = hazard quotient.
HI = hazard index.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.

200-PO-1 Groundwater Operable Unit Far Field Exposure Area Native American Risk Assessment (10-Year)--Summary of CTUIR Drinking Water Exposure Scenario Cancer Risk Results for Nonradioactive

COPCs in Groundwater.

COPC ntaminant Concentration in Groundwat VOC? Risk (Inhalation) Risk (Ingestion) Risk (Dermal) Total Risk %

C. (mg/L) (unitless) (unitless) (unitless) (unitless) Contribution

(m+p)-Xylene 0.0005 Yes --

1,1,1-Trichloroethane 0.001204711 Yes --

1,1-Dichloroethane 0.000389235 Yes -- --

1,1-Dichloroethene 0.000164225 Yes
1,2-Dichlorobenzene 0.003 Yes - --

1,2-Dichloroethane 0.000305426 Yes 9.60E-08 1.61E-06 4.26E-08 1.75E-06 0.41

1,4-Dichlorobenzene 0.000130994 Yes 1.74E-08 4.10E-08 1.48E-08 7.32E-08 0.017

1,4-Dioxane 0.0081 -- (b) 5.16E-06 1.00E-08 5.17E-06 1.2

2-Butanone 0.0029 Yes -

2-Pentanone, 4-Methyl 0.00064 Yes --

Acetone 0.00128316 Yes - --

Aluminum 0.041755539 - -- (b) -

Arsenic 0.003060574 -- -- (b) 2.66E-04 7.72E-07 2.67E-04 62

Barium 0.068082679 -- (b) -

Benzene 0.0019 Yes 1.79E-07 6.06E-06 5.OOE-07 6.74E-06 1.6

Benzyl alcohol 0.0027 - --(b) -

Beryllium 0.000360659 - --(b) - -

Bis(2-ethylhexyl) phthalate 0.001271216 --(b) 1.03E-06 8.59E-07 1.89E-06 0.44

Cadmium 0.0045 - -- (b) -- -

Carbon disulfide 0.00039 Yes-- -

Carbon tetrachloride 0.000164414 Yes 2.98E-08 1.24E-06 1.79E-07 1.45E-06 0.34

Chloride 9.821328 - --(b) -

Chlorobenzene 0.00041 Yes -

Chloroform 0.00022061 Yes 6.13E-08 3.96E-07 1.95E-08 4.77E-07 0.11

Chromium 0.007505402 - --(b) --

cis-1,2-Dichloroethylene 0.0002 Yes - - -

Copper 0.002993571 - -- (b)
Fluoride 0.32861624 - -- (b)
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(m+p)-Xylene 0.0005 Yes 8.63E-06 1.43E-04 4.65E-05 1.98E-04 0.0069

1,1,1-Trichloroethane 0.001204711 Yes 2.91E-06 3.44E-05 3.28E-06 4.06E-05 0.0014

1,1-Dichloroethane 0.000389235 Yes 6.72E-06 1.11E-04 4.35E-06 1.22E-04 0.0043

1,1-Dichloroethene 0.000164225 Yes 9.92E-06 1.88E-04 1.30E-05 2.11E-04 0.0074

1,2-Dichlorobenzene 0.003 Yes 1.81E-04 1.90E-03 6.23E-04 2.71E-03 0.095

1,2-Dichloroethane 0.000305426 Yes 1.54E-06 8.73E-04 2.14E-05 8.96E-04 0.031

1,4-Dichlorobenzene 0.000130994 Yes 1.98E-06 1.07E-04 3.58E-05 1.45E-04 0.0051

1,4-Dioxane 0.0081 -- --(b) 4.63E-03 8.31E-06 4.64E-03 0.16

2-Butanone 0.0029 Yes 7.01E-06 2.76E-04 1.31E-06 2.85E-04 0.0100

2-Pentanone, 4-Methyl 0.00064 Yes 2.58E-06 4.57E-04 7.30E-06 4.67E-04 0.016

Acetone 0.00128316 Yes 5.00E-07 8.15E-05 -- 8.20E-05 0.0029

Aluminum 0.041755539 - -(b) 2.39E-03 6.23E-06 2.39E-03 0.084

Arsenic 0.003060574 -- -(b) 5.83E-01 1.52E-03 5.94E-01 20

Barium 0.068082679 - -- (b) 1.95E-02 7.25E-04 2.02E-02 0.71

Benzene 0.0019 Yes 7.65E-04 2.71E-02 2.08E-03 3.OOE-02 1.1

Benzyl alcohol 0.0027 -- --(b) 1.54E-03 - 1.54E-03 0.054

Beryllium 0.000360659 -- --(b) 1.03E-02 3.4E-03 1.41E-02 0.50

Bis(2-ethylhexyl) phthalate 0.001271216 - -(b) 3.63E-03 2.81E-03 6.44E-03 0.23

Cadmium 0.0045 - -- (b) 5.14E-01 2.68E-02 5.41E-01 19

Carbon disulfide 0.00039 Yes 6.73E-06 2.23E-04 1.97E-05 2.49E-04 0.0087

Carbon tetrachloride 0.000164414 Yes 1.0SE-05 1.34E-02 1.80E-03 1.52E-02 0.53

Chloride 9.821328 - -- (b) -- -

Chlorobenzene 0.00041 Yes 9.91E-05 1.17E-03 2.11E-04 1.48E-03 0.052

Chloroform 0.00022061 Yes 2.72E-05 1.26E-03 5.74E-05 1.35E-03 0.047
Chromium 0.007505402 -- --(b) 2.86E-04 5.74E-05 3.43E-04 0.012

cis-1,2-Dichloroethylene 0.0002 Yes -- 1,14E-03 5.07E-05 1.19E-03 0.042

Copper 0.002993571 --(b) 4.28E-03 1.12E-05 4.29E-03 0.15

Fluoride 0.32861624 - --(b) 3.13E-01 8.17E-04 3.14E-01 11

Iron 0.47301923 -- --(b) 3.86E-02 1.01E-04 3.87E-02 1.4

Lead 0.000710361 - -- (b) -- --

Lithium 0.0083 -- -(b) 2.37E-01 6.19E-04 2.38E-01 8.3

Manganese 0.011254937 - --(b) 2.68E-02 1.75E-03 2.85E-02 1.00

Methanol 1.1 -- --(b) 1.26E-01 1.63E-04 1.26E-01 4.4

Methylene chloride 0.000852962 Yes 1.03E-05 8.12E-04 1.52E-05 8.38E-04 0.029

Molybdenum 0.0015 - --(b) 1.71E-02 4.47E-05 1.72E-02 0.60

Nickel 0.003603478 -- (b) 1.03E-02 1.34E-04 1.04E-02 0.37

Nitrate 23.756902 - --(b) 1.91E-01 4.99E-04 1.92E-01 6.7

Nitrite 0.079227256 -- (b) 1.51E-02 3.94E-05 1.51E-02 0.53

o-Xylene 0.000210551 Yes 3.63E-06 6.02E-05 1.99E-05 8.37E-05 0.0029

Silver 0.005341496 - -- (b) 6.10E-02 2.39E-03 6.34E-02 2.2

Strontium 0.36357229 - -- (b) 3.46E-02 9.04E-05 3.47E-02 1.2

Sulfate 45.069738 - -- (b) --

Tetrachloroethene 0.000993146 Yes 4.44E-05 5.68E-03 1.69E-03 7.41E-03 0.26

Toluene 0.000274725 Yes 6.64E-07 1.96E-04 3.41E-05 2.31E-04 0.0081

Tributyl phosphate 0.040836371 - -- (b) 1.17E-02 1.17E-02 0.41

Trichloroethene 0.000492361 Yes 1.70E-04 1.70E-04 0.0060

Trichloromonofluoromethan
e 0.00058 Yes 1.00E-05 1.10E-04 1.08E-05 1.31E-04 0.0046

Uranium 0.016251153 - -- (b) 3.10E-01 8.08E-04 3.10E-01 11

Vanadium 0.013487657 - -- (b) 1.54E-01 4.02E-04 1.55E-01 5.4

Vinyl chloride 0.0018 Yes 2.18E-04 3.43E-02 9.16E-04 3.54E-02 1.2

Zinc 0.10896358 --(b) 2.08E-02 3.25E-05 2.08E-02 0.73
L



ECF-200P01-09-2115 REV. 2

Iron 0.47301923 --(b) -- --

Lead 0.000710361 - --(b) --

Lithium 0.0083 --(b) -- - -

Manganese 0.011254937 --(b) - -

Methanol 1.1 - --(b) - -

Methylene chloride 0.000852962 Yes 4.84E-09 3.71E-07 7.50E-09 3.83E-07 0.090
Molybdenum 0.0015 --(b) -

Nickel 0.003603478 - --(b) - -

Nitrate 23.756902 --(b) -
Nitrite 0.079227256 - --(b) -- -

o-Xylene 0.000210551 Yes -- - -

Silver 0.005341496 --(b) - -

Strontium 0.36357229 --(b) -- -

Sulfate 45.069738 --(b) -
Tetrachloroethene 0.000993146 Yes 7.08E-08 3.11E-05 9.99E-06 4.11E-05 9.6
Toluene 0.000274725 Yes -

Tributyl phosphate 0.040836371 -- --(b) 2.18E-05 2.37E-07 2.20E-05 5.1
Trichloroethene 0.000492361 Yes 1.49E-07 2.54E-06 - 2.69E-06 0.63
Trichoromonofluoromethan
e 0.00058 Yes -- - -

Uranium 0.016251153 - --(b) -

Vanadium 0.013487657 - --(b) -

Vinyl chloride 0.0018 Yes 9.57E-08 7.51E-05 2.17E-06 7.74E-05 18
Zinc 0. 10896358 -- -(b) -- - -

Total ELCR 7.04E-07 4.13E-04 1.48E-05 4.28E-04 100
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
SVOC = semivoatile organic compound.
VOC = volatile organic compound.
ELCR = excess lifetime cancer risk.

200-PO-1 Groundwater Operable Unit Far Field Exposure Area Native American Risk Assessment (10-Year)--Summary of CTUIR Drinking Water Exposure Scenario Cancer Risk Results
for Radioactive COPCs in Groundwater.

COPC ontaminant Concentration in Groundwat: Volatile?' Risk (inhalation) Risk (Ingestion) Total Risk %

Cw (pCi/L) (unitess) (unitless) (unitless) Contribution

Carbon-14 15.2 - --(b) 2.25E-06 2.2SE-06 0.084
Gross alpha 5.9880167 - --(b) - -
Gross beta 26.717649 - --(b) --

Ilodine-129 1.7529182 -- --(b) 2.48E-05 2.48E-05 0.92
Nickel-63 7.66125 -- --(b) 4.91E-07 4.91E-07 0.018
Protactinium-231 0.308 - --(b) 5.10E-06 5.10E-06 0.19

Strontium-90 0.611 - --(b) 3.27E-06 3.27E-06 0.12
Technetium-99 75.671084 --(b) 1.99E-05 1.99E-05 0.74
Tritim 497899.63 Yes 2.22E-04 2.41E-03 2.64E-03 98

Total ECR 2.22E-04 2.47E-03 2.69E-03 100

Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

o Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway
- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
ELCR = excess lifetime cancer risk.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area - CTUIR

Ingestion of Nonradioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

Ingestion Chronic Daily Intake CDI calculated mg/kg-day EPA 1989

Contaminant concentration in Drinking Water Cw contaminant-specific mg/L ECF-200POI-09-2027

Average Body Weight BW 70 15kg Harris et al, 2004

Drinking Water Ingestion Rate IRW 4 1 Liters/day Harris et a, 2004

Calculated using the age
adjusted intake factors

Age-Adjusted Drinking Water Ingestion Rate IRWadj 4.057 L-yr/kg-day equation

Exposure Frequency EF 365 days/yr Harris et al, 2004

Exposure Duration ED 70 6 yr Harris et al, 2004

Averaging time AT 70 -- yr Harris et al, 2004
RfDo Oral Reference Dose Chemcal Specific mg/kg-day EPA 2009

CFo Oral Cancer Slope Factor Chemical Specific (mg/kg-day)
t  

EPA 2009

CF2 Conversion Factor 365 days/year EPA 1989

Harris,S5, andB. Harper, 2004, Exposure Scenariofor CTUIR Traditionol Subsistence L fewoys.
ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA, 2009 EPA Region Il Regional Screening Level downloaded December 2009. http://ww.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cw CDI (noncarcnogen) RfD " HQ %

Far Field Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution
(msp)-Xylene 179601-23-1 0.0005 2.86E-05 2.00E-01 1.43E-04 0.0051
1,1,1-Trichloroethane 71-55-6 0.001204711 6.88E-05 2.OOE+00 3.44E-05 0.0012
1,1-Dichoroethane 75-34-3 0.000389235 2.22E-05 2.OOE-01 1.11E-04 0.0040
1,1-Dichloroethene 75-35-4 0.000164225 9.38E-06 5.00E-02 1.88E-04 0.0067
1,2-Dichlorobenzene 95-50-1 0.003 1.71E-04 9.00E-02 1.90E-03 0.068
1,2-Dichloroethane 107-06-2 0.000305426 1.75E-05 2.OOE-02 8.73E-04 0.031
1,4-Dichlorobenzene 106-46-7 0.000130994 7.49E-06 7.OOE-02 1.07E-04 0.0038
1,4-Dioxane 123-91-1 0.0081 4.63E-04 1.00E-01 4.63E-03 0.17
2-Butanone 78-93-3 0.0029 1.66E-04 6.OOE-01 2.76E-04 0.0099
2-Pentanone, 4-Methyl 108-10-1 0.00064 3.66E-05 8.00E-02 4.57E-04 0.016
Acetone 67-64-1 0.00128316 7.33E-05 9.00E-01 8.15E-05 0.0029
Aluminum 7429-90-5 0.041755539 2.39E-03 1.OOE+00 2.39E-03 0.085
Arsenic 7440-38-2 0.003060574 1.75E-04 3.OOE-04 5.83E-01 21
Barium 7440-39-3 0.068082679 3.89E-03 2.00E-01 1.95E-02 0.69
Benzene 71-43-2 0.0019 1.09E-04 4.00E-03 2.71E-02 0.97
Benzyl alcohol 100-51-6 0.0027 1.54E-04 1.OOE-01 1.54E-03 0.055
Beryllium 7440-41-7 0.000360659 2.06E-05 2.00E-03 1.03E-02 0.37
Bis(2-ethylhexyl) phthalate 117-81-7 0.001271216 7.26E-05 2.00E-02 3.63E-03 0.13
Cadmium 7440-43-9 0.0045 2.57E-04 5.00E-04 5.14E-01 18
Carbon disulfide 75-15-0 0.00039 2.23E-05 1.00E-01 2.23E-04 0.0080
Carbon tetrachloride 56-23-5 0.000164414 9.40E-06 7.00E-04 1.34E-02 0.48
Chloride 16887-00-6 9.821328 5.61E-01 -- --

Chlorobenzene 108-90-7 0.00041 2.34E-05 2.00E-02 1.17E-03 0.042
Chloroform 67-66-3 0.00022061 1.26E-05 1.00E-02 1.26E-03 0.045
Chromium 7440-47-3 0.007505402 4.29E-04 1.50E+00 2.86E-04 0.010
cis-1,2-Dichlnroethylene 156-59-2 0.0002 1.14E-05 1.00E-02 1.14E-03 0.041
Copper 7440-50-8 0.002993571 1.71E-04 4.00E-02 4.28E-03 0.15
Fluoride 16984-48-8 0.32861624 1.88E-02 6.00E-02 3.13E-01 11
Iron 7439-89-6 0.47301923 2.70E-02 7.00E-01 3.86E-02 1.4
Lead 7439-92-1 0.000710361 4.06E-05 -- --

Lithium 7439-93-2 0.0083 4.74E-04 2.00E-03 2.37E-01 8.5
Manganese 7439-96-5 0.011254937 6.43E-04 2.40E-02 2.68E-02 0.96
Methanol 67-56-1 1.1 6.29E-02 5.00E-01 1.26E-01 4.5
Methylene chloride 75-09-2 0.000852962 4.87E-05 6.00E-02 8.12E-04 0.029
Molybdenum 7439-98-7 0.0015 8.57E-05 5.00E-03 1.71E-02 0.61
Nickel 7440-02-0 0.003603478 2.06E-04 2.00E-02 1.03E-02 0.37
Nitrate 14797-55-8 23.756902 1.36E+00 7.10E+00 1.91E-01 6.8
Nitrite 14797-65-0 0.079227256 4.53E-03 3.00E-01 1.51E-02 0.54
o-Xylene 95-47-6 0.000210551 1.20E-05 2.00E-01 6.02E-05 0.0021
Silver 7440-22-4 0.005341496 3.05E-04 5.00E-03 6.10E-02 2.2
Strontium 7440-24-6 0.36357229 2.08E-02 6.00E-01 3.46E-02 1.2
Sulfate 14808-79-8 45.069738 2.58E+00 -- --

Tetrachloroethene 127-18-4 0.000993146 1.68E-05 1.00E-02 5.68E-03 0.20
Toluene 108-88-3 0.000274725 1.57E-05 8.00E-02 1.96E-04 0.0070
Tributyl phosphate 126-73-8 0.040836371 2.33E-03 2.00E-01 1.17E-02 0.42
Trichloroethene 79-01-6 0.000492361 2.81E-05 - --

Trichloromonofluoromethane 75-69-4 0.00058 3.31E-05 3.00E-01 1.10E-04 0.0039
Uranium 7440-61-1 0.016251153 9.29E-04 3.00E-03 3.10E-01 11
Vanadium 7440-62-2 0.013487657 7.71E-04 5.00E-03 1.54E-01 5.5

Vinyl chlorideb 75-01-4 0.0018 1.03E-04 3.00-03 3.43E-02 1.2
Zinc 7440-66-6 0.10896358 6.23E-03 3.00E-01 2.08E-02 0.74
Total 2.80E+00 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm
bFor the purposes of this exercise, the mutagenic exposure equations where not used for vinyl chloride

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidancefor Superfund Volume f: Human Health Evaluation Manual (Port A).

COPC = contaminant of potential concern.

HQ = hazard quotient.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cw CDI (carcinogen) CSF, r Risk

Far Field Exposure Area Nonradioactive COPC CAS Bit (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution

msp)-Xylene
1,1,1-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichlorobenzene
1,2-Dichloroethane
1,4-Dichlorobenzene
1,4-Dioxane
2-Butanone
2-Pentanone, 4-Methyl
Acetone

179601-23-1
71-5-6
75-34-3
75-35-4
91-50-1
107-06-2
106-46-7
123-91-1
78-93-3
108-10-1
67-64-1

0.0005
0.001204711
0.000389235
0.000164225

0.003
0.000305426
0.000130994

0.0081
0.0029
0.00064

0.00128316

2.90E-05
6.98E-05
2.26E-05
9.52E-06
1.74E-04
1.77E-05
7.59E-06
4.69E-04
1.68E-04
3.71E-05
7.44E-05

9.10E-02
5.40E-03
1.10E-02

1.61E-06
4.10E-08
5.16E-06

0.39
0.0099

1.3
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Aluminum 7429-90-5 0.041755539 2.42E-03 -

Arsenic 7440-38-2 0.003060574 1.77E-04 150E+00 2.66E-04 65
Barium 7440-39-3 0.068082679 3.95E-03 - -

Benzene 71-43-2 0.0019 1.10E-04 5.50E-02 6.06E-06 1.5
Benzyl alcohol 100-51-6 0.0027 1.56E-04 -

Beryllium 7440-41-7 0.000360659 2.09E-05
Bis(2-ethylhexyl) phthalate 117-81-7 0.001271216 7.37E-05 1.40E-02 1.03E-06 0.25
Cadmium 7440-43-9 0.0045 2.61E-04 -

Carbon disulfide 75-15-0 0.00039 2.26E-05 - -

Carbon tetrachloride 56-23-5 0.000164414 9.53E-06 1.30E-01 1.24E-06 0.30
Chloride 16887-00-6 9.821328 5.69E-01 -

Chlorobenzene 108-90-7 0.00041 2.38E-05 - -

Chloroform 67-66-3 0.00022061 1.28E-05 3.10E-02 3.96E-07 0.096
Chromium 7440-47-3 0.007505402 4.35E-04 -

cis-1,2-Dichloroethylene 156-59-2 0.0002 1.16E-05 - -

Copper 7440-50-8 0.002993571 1.74E-04 -

Fluoride 16984-48-8 0.32861624 1.90E-02 - -

Iron 7439-89-6 0.47301923 2.74E-02 - -

Lead 7439-92-1 0.000710361 4.12E-0 - -

Lithium 7439-93-2 0.0083 4.81E-04 - --

Manganese 7439-96-5 0.011254937 6.52E-04 -

Methanol 67-56-1 1.1 6.38E-02 -

Methylene chloride 75-09-2 0.000852962 4.94E-05 7.50E-03 3.71E-07 0.090
Molybdenum 7439-98-7 0.0015 8.69E-05 -

Nickel 7440-02-0 0.003603478 2.09E-04 -

Nitrate 14797-55-8 23.756902 1.38E+00 --

Nitrite 14797-65-0 0.079227256 4.59E-03 -

o-Xylene 95-47-6 0.000210551 1.22E-05 -

Silver 7440-22-4 0.005341496 3.10E-04 -

Strontium 7440-24-6 0.36357229 2.11E-02 -

Sulfate 14808-79-8 45.069738 2.61E+00 - -

Tetrachloroethene 127-18-4 0.000993146 5.76E-05 5.40E-01 3.11E-05 7.5
Toluene 108-88-3 0.000274725 1.59E-05 - -

Tributyl phosphate 126-73-8 0.040836371 2.37E-03 9.20E-03 2.18E-05 5.3
Trichloroethene 79-01-6 0.000492361 2.85E-05 8.90E-02 2.54E-06 0.62
Trichloromonofluoromethane 75-69-4 0.00018 3.36E-05 - -

Uranium 7440-61-1 0.016251153 9.42E-04
Vanadium 7440-62-2 0.013487657 7.82E-04 -

Vinyl chloride
t  

75-01-4 0.0018 1.04E-04 7.20E-01 7.51E-05 18
Zinc 7440-66-6 0.10896358 6.32E-03 -

Total ELCR 4.13E-04 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://ww.epa.gov/reg3hwmd/risk/human/rb-concentration table/Generic Tables/index.htm

For the purposes of this exercise, the mutagenic exposure equations where not used for vinyl chloride

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part A).

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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ECF-200P01-09-2115 REV. 2

200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area - CTUIR

Inhalation of Volatile Nonradioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

EPA 2009b

mg/mfor noncarcinogens,

Inhalation Chronic Daily Intake CDI calculated pu/m
5 

for carcinogens

Contaminant concentration in drinking water C, contaminant-specific mg/L ECF-20PO1-09-2027

Exposure Time ET 0.580 -- hours/day U.S. EPA, 2004

Exposure Frequency EF 365 days/yr Harris et al, 2004

Exposure Duration ED 70 -- yr Harris et al, 2004

Averaging Time AT 70 -- yr Harris et al, 2004

Andelman Volatilization Factor VF 0.5 m'/kg U.S. EPA, 1991

inhalation Reference Concentration RfC, Chemical Specific mg/m' EPA 2009a

inhalation Unit Risk IUR Chemical Specific (p/in
5

)' EPA 2009a

Conecrion Factor CF1 365 days/year EPA 2009b

Conversion Factor CF2 0.042 1day/24 hours EPA 2009b

Harris, D, andB. Harper, 2004, ExposureScenorioforCTUIRHTraditionolSubsistence Sifeways.

ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

U.S. EPA, 2009a EPA Region IIl Regional Screening Level downloaded December 2009. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

U.S. EPA 2009b. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit Cw CDi (noncarcinogen) RfC' HQ %

Far Field Exposure Area Nonradioactive COPC CAS# Volatile (mg/L) (mg/mn) (mg/m) (unitless) Contribution
(mnp)-Xylene 179601-23-1 Yes 0.0005 6.04E-06 7.OOE-01 8.63E-0 0.54
1,1,1-Trichlornethane 71-55-6 Yes 0.001204711 5.46E-05 5.00E+00 2.91E-06 0.18
1,1-Dichloroethane 75-34-3 Yes 0.000389235 4.70E-06 7.OOE-01 6.72E-06 0.42
1,1-Dichloroethene 75-35-4 Yes 0.000164225 1.98E-06 2.00E-01 9.92E-06 0.62
1,2-Dichlorobenzene 95-50-1 Yes 0.003 3.63E-05 2.00E-01 1.81E-04 11
1,2-Dichloroethane 107-06-2 Yes 0.000305426 3.69E-06 2.40E+00 1.54E-06 0.097
1,4-Dichlorobenzene 106-46-7 Yes 0.000130994 158E-06 8.00E-01 1.98E-06 0.12
1,4-Dioxane 123-91-1 -- 0.0081 --(b) 3.60E+00 --(b)
2-Butanone 78-93-3 Yes 0.0029 3.50E-05 5.OEOS 7.01E-06 0.44
2-Pentanone, 4-Methyl 108-10-1 Yes 0.00064 7.73E-06 3.OOE+00 2.58E-06 0.16
Acetone 67-64-1 Yes 0.00128316 1.55E-05 3.10E+01 S.OE-07 0.031
Aluminum 7429-90-5 -- 0.041755539 --(b) 5.00E-03 --(b)
Arsenic 7440-38-2 -- 0.003060574 --(b) 1.SOE-05 --(b)
Barium 7440-39-3 -- 0.068082679 --(b) 5.00E-04 --(b)
Benzene 7143-2 Yes 0.0019 2.30E-05 3.00E-02 7.65E-04 48
Beneyl alcohol 100-51-6 -- 0.0027 --(b) -- --(b)
Beryllium 7440-41-7 -- 0.000360659 --(b) 2.00E-05 --(b)
Bis(2-ethylhexyl) phthalate 117-81-7 -- 0.001271216 --(b) -- --(b)
Cadmium 7440-43-9 -- 0.0045 --(b) 1.E-05 -- )
Carbon disulfide 75-15-0 Yes 0.00039 4.71E-06 7.00E-01 6.73E-06 0.42
Carbon tetrachloride 56-23-5 Yes 0.000164414 1.99E-06 1.90E-01 1.OSE-05 0.66
Chloride 16887-00-6 -- 9.821328 --(b) -- --(b)
Chlorobenzene 108-90-7 Yes 0.00041 4.95E-06 .00E-02 9.91E-05 6.2
Chloroform 67-66-3 Yes 0.00022061 2.67E-06 9.80E-02 2.72E-05 1.7
Chromium 7440-47-3 -- 0007505402 --(b) -- (b)
cis-1,2-Dichloroethylene 156-59-2 Yes 0.0002 2.42E-06 -- --

Copper 7440-50-8 0.002993571 --(b) ---- (b)
Fluoride 16984-48-8 -- 0.32861624 --(b) 1.30E-02 --(b)
Iron 7439-89-6 -- 0.47301923 --(b) -- --(b)
Lead 7439-92-1 -- 0.000710361 --(b) --(b)
Lithium 7439-93-2 -- 0.0083 --() ---- (b)
Manganese 7439-96-5 -- 0.011254937 --(b) 5.00E-05 --(b)
Methanol 67-56-1 -- 1.1 --(b) 4.00E+00 -(b)
Methylene chloride 75-09-2 Yes 0.000852962 1.03E-05 1.00E+00 1.03E-05 0.65
Molybdenum 7439-98-7 -- 0.0015 --(b) --(b)
Nickel 7440-02-0 -- 0.003603478 --(b) 9.00E-05 --(6)
Nitrate 14797-55-8 -- 23.756902 -(b( --- (b
Nitrite 14797-65-0 -- 0.079227256 --(b) -- (b)
o-Xylene 95-47-6 Yes 0.000210551 2.54E-06 7.00E-01 3.63E-06 0.23
Silver 7440-22-4 -- 0.005341496 --(b) -- (b)
Strontium 7440-24-6 -- 0.36357229 --(b) -- --(b)
Sulfate 14808-79-8 45.069738 --(b) -- (b)
Tetrachloroethene 127-18-4 Yes 0.000993146 1.20E-05 2.70E-01 4.44E-05 2.8
Toluene 108-88-3 Yes 0.000274725 3.32E-06 5.lOE+00 6.64E-07 0.042
Tributy phosphate 126-73-8 -- 0.040836371 --(b) -- (b)
Trichloroethene 79-01-6 Yes 0.000492361 5.95E-06 3.50E-02 1.70E-04 11
Trichloromonofluonromethane 75-69-4 Yes 0.00058 7.01E-06 7.00E-01 1.00E-05 0.63
Uranium 7440-61-1 -- 0.016251153 --(b) 3.00E-04 --(b)
Vanadium 7440-62-2 -- 0.013487657 --(b) -- --(b)

Vinyl chloride' 75-01-4 Yes 0.0018 2.18E-05 1.00E-01 2.18E-04 14
Zinc 7440-66-6 -- 0.10896358 --(b) - -(b)
Total 1.59E-03 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

For the purposes of this exercise, the mutagenic exposure equations where not used for vinyl chloride

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concew.

HQ = hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

Cancer risk calculation

F 200-PO-1 Groundwater Operable Unit Cw CDI (carcinogen) 1 UR' Risk %

Far Field Exposure Area Nonradioactive COPC CASH Volatile (mg/L( (pg/imi) (pg/m)' (unitless) Contribution
(m+p)-Xylene
1, 1, 1-Trichloroethane
1,1-Dichlorethane

1,1-Dichlornethene
1,2-Dchlorobenzene
1,2-Dichloroethane
1,4-Dichlorobenzene
1,4-Dioxane
2-Butanone
2-Pentanone, 4-Methyl
Acetone
Aluminum
Arsenic
Barium
Benzene
Benzyl alcohol
Beryllium

179601-23-1
71-55-6
75-34-3
75-35-4
95-50-1
107-06-2
106-46-7
123-91-1
78-93-3
108-10-1
67-64-1

7429-90-5
7440-38-2
7440-39-3
71-43-2
100-51-6

7440-41-7

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes

0.0005
0.001204711
0.000389235
0.000164225

0.003
0.000305426
0.000130994

0.0081
0.0029
0.00064

0.00128316
0.041755539
0.003060574
0.068082679

0.0019
0.0027

0000360659

6.04E-03
1.46E-02
4.70E-03
1.98E-03
3.63E-02
3.69E-03
1.58E-03

--(b)
3.50E-02
7.73E-03
1.55E-02

--(b)
--(b)
--(b)

2.30E-02
--(b)
--(b)

2.60E-05
1.10E-05
7.70E-06

4.30E-03

7.80E-06

2.40E-03

9.60E-08
1.74E-08

--()
--6
--6

1.79E-07
--()

14
2.5

25
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ECF-200P01-09-2115 REV. 2

Bis(2-ethylhexyl) phthalate 117-81-7 -- 0.001271216 --(b) 2.40E-06
Cadmium 7440-43-9 0.0045 -1() 1.80E-03 -(b)
Carbon disulfide 75-15-0 Yes 0.00039 4.71E-03 -- --

Carbon tetrachloride 56-23-5 Yes 0.000164414 1.99E-03 1.50E-05 2.98E-08 4.2
Chloride 16887-00-6 9.821328 --(b) --(b)
Chlorobenene 108-90-7 Yes 0.00041 4.95E-03 -- --

Chloroform 67-66-3 Yes 0.00022061 2.67E-03 2.30E-05 6.13E-08 8.7
Chromium 7440-47-3 -- 0.007505402 --(b) - --(b)
cis-1,2-Dchloroethylene 156-59-2 Yes 0.0002 2.42E-03 -

Copper 7440-50-8 -- 0.002993571 --(b) -- (b)
Fluoride 16984-48-8 -- 0.32861624 --(b) - --(b)
Iron 7439-89-6 -- 0.47301923 --(b) -- --(b)
Lead 7439-92-1 -- 0.000710361 --(b) -- --(b)
Uthium 7439-93-2 0.0083 --(b) -- --(b)
Manganese 7439-96-5 -- 0.011254937 --(b) -- --(b)
Methanol 67-56-1 -- 1.1 --(b) -- --(b)
Methylene chloride 75-09-2 Yes 0.000852962 1.03E-02 4.70E-07 4.84E-09 0.69
Molybdenum 7439-98-7 0.0015 --(b) -- --(b)
Nickel 7440-02-0 - 0.003603478 --(b) 2.60E-04 --(b)
Nitrate 14797-55-8 -- 23.756902 --(b) --(b)
Nitrite 14797-65-0 -- 0.079227256 --() -- (b)
o-Xylene 95-47-6 Yes 0.000210551 2.54E-03 -- -

Silver 7440-22-4 -- 0.005341496 --(b) -- --(b)
Strontium 7440-24-6 0.36357229 --(b) -- (b)
Sulfate 14808-79-8 -- 45.069738 --(b) -- --(b)
Tetrachloroethene 127-18-4 Yes 0.000993146 1.20E-02 5.90E-06 7.0E-08 10
Toluene 108-88-3 Yes 0.000274725 3.32E-03 --

Tributyl phosphate 126-73-8 0.040836371 --(b) -- --(b)
Trichloroethene 79-01-6 Yes 0.000492361 5.95E-03 2.50E-05 1.49E-07 21
Trichloromonofluoromethane 75-69-4 Yes 0.00058 7.01E-03 -- --

Uranium 7440-61-1 0.016251153 --(b) - --1b)
Vanadium 7440-62-2 -- 0.013487657 --(b) -- --(b)

Vinyl chloride' 75-01-4 Yes 0.0018 2.18E-02 4.40E-06 9.57E-08 14
Zinc 7440-66-6 -- 0.108963S8 --(b) --

Total ELCR 7.041-07 100

0 EPA Region 3 Regional Screening Level tables downloaded January 2010. http://ww.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

bNonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

For the purposes of this exercise, the mutagenic exposure equations where not used for vinyl chloride

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund VolumeI: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.

VOC = volatile organic compound.
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ECF-200P01-09-2115 REV. 2

200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area -CTUIR

Inhalation of Volatile Radioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value
Factor Symbol Adult Child Unit Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration in drinking water C. contaminant-specific pCi/I ECF 200P01-09-2027

Exposure frequency EF 365 365 days/year Harris et al, 2004

Exposure duration ED 70 6 yeas Harris et al, 2004
inhalation Rate INH, 25 15 m /day Harris, 2008

Exposuretime ET 0.58 1 hr/day U.S. EPA, 2004
Age Adjusted Exposure Time ET hr

Calculated using the
age adjusted intake

0.16 factors equation
Radiation Age-adjusted inhalation rate INHRAD, 1690 m-yr/day

Calculated using the
age adjusted intake

factors equation
Andelman Volatilization Factor VF 0.5 11.0. EPA, 1991

Radiasion Inhalation of Volatiles Slope Factor Sf1 Chemical Specific risk/pCi U.S. EPA, 1997
Harris, S, andB. Harper, 2004,oExposure Scenriofor CTUIRHTraditional Subsistence Lifeways.
Harris, S., 2008, Applivaton fthe CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.
ECF-200PO1-09-2027- Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010
U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Pant A). Interim Final. Office of Emergency and Remedial Response.
U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).
U.S. E PA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-S40-R-97-036. July 1997.

Inhalation of Volatile Radioactive Constituents in Groundwater
20-PO-I Groundwater Operable Unit Cw CDI (radiological inhalation SF Risk %

Far Field Exposure Area Radioactive COPC CAS # VOCa (pCi/L) (pC) (risk/pCi) (unitess) Contibution
Carbon-14 14762-75-5 -- 15.2 --(b) 7.07E-12 --(b)
Gross alpha 12587-46-1 -- 5.9880167 --(b)-(b)
Gross beta 12587-47-2 -- 26.717649 --(b) --(b)
Iodine-129 15046-84-1 - 1.7529182 --(b) 6.07E-11 --ib)
Nickel-63 13981-37-8 -- 7.66125 --(b) 1.64E-12 --(b)
Protactinium-231 14331-85-2 -- 0.308 --(b) 4.55E-08 --(ib
Strontium-90 10098-97-2 -- 0.611 --(b) 1.05E-10 --(ib)
Technetium-99 14133-76-7 -- 75.671084 --(b) 141E-11 --(b)
ritium 10028-17-9 Yes 49789963 3.94E+09 5.62E-14 2.22E-04 104

Total ELCR 2.22E-4 100
' Radiological contaminants considered volatile for the groundwater inhalation pathway are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.
U.S. EPA 1989. Risk assess ment guidance for Superfund. Volume1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
VOC = volatile organic compound.
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ECF-200P01-09-2115 REV. 2

200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area - CTUIR

Ingestion of Radioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Factor Symbol Unit Value Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration in drinking water C, contaminant-specific pCi/I ECF-200P01-09-2027

Exposure frequency EF 365 365 days/year Harris et al, 2004

Exposure duration ED 70 6 years Harris et al, 2004

Drinking Water Ingestion Rate IRW 4 1 1/day Harris, 2008
Radiation Age-adjusted drinking water ingestion rate IRWRAD 5 j 262 L-yr/day

Calculated using the
age adjusted intake
factors equation

Radiation Ingestion of Water Slope Factor Sfo Chemical Specific risk/pCi U.S. EPA, 1997
Harris, S, and B. Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.
Harris, S., 2008, Application of the CTUIR Traditional ifeways Exposure Scenario in Hanford Risk Assessments.
ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010
U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.

Ingestion of Radioactive Constituents in Groundwater

200-PO-1 Groundwater Operable Unit Cw CDI (radiological ingestion) SF 0  Risk %
Far Field Exposure Area Radioactive COPC CAS # (pCi/L) (pCi) (risk/pCi) (unitless) Contribution

Carbon-14 14762-75-5 15.2 1,453,576 1.55E-12 2.25E-06 0.092
Gross alpha 12587-46-1 5.9880167 572,634 --

Gross beta 12587-47-2 26.717649 2,555,009 -- -

Ilodine-129 15046-84-1 1.7529182 167,632 1.48E-10 2.48E-05 1.0
Nickel-63 13981-37-8 7.66125 732,645 6.70E-13 4.91E-07 0.020
Protactinium-231 14331-85-2 0.308 29,454 1.73E-10 5.10E-06 0.21
5trontium-90 10098-97-2 0.611 58,430 5.59E-11 3.27E-06 0.13
Technetium-99 14133-76-7 75.671084 7.24E+06 2.75E-12 1.99E-05 0.81

Tritium 10028-17-8 497899.63 4.76E+10 5.07E-14 2.41E-03 99
Total ELCR 2.44E-03 100
U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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ECF-200P01-09-2115 REV. 2

200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (10-Year)--Summary of CTUIR Drinking Water Exposure Scenario Noncancer Hazard Results for Nonradioactive
COPCs in Groundwater.

COPC ontaminant Concentration in Groundwat VOC? HQ (Inhalation) HQ (ingestion) HQ (Dermal) Total HI %

C.(mg/L) (unitless) (unitless) (unitess) (unitless) Contribution

1,2,3,4,6,7,8-
Heptachlorodibenzodioxi
n 3.734E-09 -- (b) --

1,2,3,4,6,7,8-
Heptachlorodibenzofuran 5.E-09 - --(b) - --

1,2,3,4,7,8-
Hexachlorodibenzofuran 2.9E-09 - -(b) - -

1,2,3,6,7,8-
Hexachlorodibenzofuran 2.1E-09 - --(b) - -

1,2-Dichloroethane 0.00064 Yes 3.22E-06 1.83E-03 4.48E-0S 1.88E-03 0.017

2,3,4,6-Tetrachlorophenol 0.0077 --(b) 1.47E-02 1.47E-02 0.13
2-Methylphenol (cresol, o-

0.0075 - -- (b) 8.57E-03 4.10E-04 8.98E-03 0.082
4-Nitrophenol 0.0072 --(b) 5.14E-02 1.87E-03 5.33E-02 0.49
Aluminum 0.11217909 -- (b) 6.41E-03 1.67E-05 6.43E-03 0.059
Arsenic 0.005765062 - --(b) 1.10E+00 2.87E-03 1.10E+00 10
Barium 0.052626075 -- --(b) 1.50E-02 5.61E-04 1.56E-02 0.14
Beryllium 0.00034431 -- (b) 9.84E-03 3.67E-03 1.35E-02 0.12
Bis(2-ethylhexyl)
phthalate 0.011 - --(b) 3.14E-02 2.43E-02 5.57E-02 0.51
Cadmium 0.018 --(b) 2.06E+00 1.07E-01 2.16E+00 20
Carbon tetrachloride 0.0018 Yes 1.14E-04 1.47E-01 1.97E-02 1.67E-01 1.5
Chloride 11.439962 -(b) - -

Chloroform 0.00038106 Yes 4.70E-05 2.18E-03 9.92E-05 2.32E-03 0.021
Chromium 0.015609389 - -(b) 5.95E-04 1.19E-04 7.14E-04 0.0065
Cobalt 0.004378857 -- (b) 8.34E-01 8.71E-04 8.35E-01 7.6
Copper 0.004482187 - -(b) 6.40E-03 1.67E-OS 6.42E-03 0.059
Dinoseb(2-secButyl-4,6-
dinitrophenol) 0.005506461 - -(b) 3.15E-01 - 3.15E-01 2.9
Fluoride 0.31715504 - --(b) 3.02E-01 7.88E-04 3.03E-01 2.8

Hexavalent Chromium 0.191 -- -(b) 0.64E+00 7.60E-01 4.40E+00 40
Iron 0.14355212 -- -- (b) 1.17E-02 3.06E-05 1.17E-02 0.11
Lead 0.00142074 -- -.(b) - --

Manganese 0.009635007 - -(b) 2.29E-02 1.50E-03 2.44E-02 0.22
Nickel 0.010760715 -- -.(b) 3.07E-02 4.01E-04 3.11E-02 0.28
Nitrate 31.205071 - --(b) 2.51E-01 6.5E-04 2.52E-01 2.3
Nitrite 0.034429846 -- (b) 6.56E-03 1.71E-05 6.58E-03 0.060
Nitrogen in Nitrite and
Nitrate 14.7 - --(b) 5.25E-01 1.37E-03 5.26E-01 4.8

Octachlorodibenzofuran 9.9649E-09 --(b) --

Octachlorodibenzo-p-
dioxin 5.6857E-09 - --(b) - -

Silver 0.005650889 - --(b) 6.46E-02 2.53E-03 6.71E-02 0.61
Strontium 0.26495344 -(b( 2.52E-02 6.59E-05 2.53E-02 0.23
Sulfate 56.164035 -(b) - -

Toluene 0.000065 Yes 1.57E-07 4.64E-05 8.07E-06 5.47E-05 4.99E-04
Total petroleum
hydrocarbons - gasoline
range 0.05 - -- (b) -

Trichloroethene 0.000570461 Yes 1.97E-04 -- 1.97E-04 0.0018
Uranium 0.014879201 --(b) 2.83E-01 7.40E-04 2.84E-01 2.6
Vanadium 0.021937779 - --(b) 2.51E-01 6.54E-04 2.51E-01 2.3
Zinc 0.092316084 --(b) 1.76E-02 2.75E-05 1.76E-02 0.16

Total 3.62E-04 10.03 0.93 10.96 100

- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

HQ = hazard quotient.

HI = hazard index.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (10-Year)-Summary of CTUIR Drinking Water Exposure Scenario Cancer Risk Results for Nonradioactive COPCs
in Groundwater.

COPC ontaminant Concentration in Groundwat VOC? Risk (Inhalation) Risk (Ingestion) Risk(Dermal) Total Risk %

I[ C., (mg/L) IIj (unitess) JI (unitess) (unitless) (unitless) Contribution
1,2,3,4,6,7,8-
-eptachlorodibenzodioxi

1,2,3,4,6,7,8-
Heptachlorodibenzofuran

1,2,3,4,7,8-
Hexachlorodibenzofuran

1,2,3,6,7,8-
Hexachlorodibenzofura n
1,2-Dichloroethane

2,3,4,6-Tetrachlorophenol
2-Methyphenol (cresol, o-

-Nitrophenol
Aluminum
Arsenic
Barium
Beryllium
Bis(2-ethylhexyl)
phthalate
Cadmium
Carbon tetrachloride

3.734E-09

5.6E-09

2.9E-09

2.1E-09
0.00064

0.0077

0.0075
0.0072

0.11217909
0.005765062
0.052626075
0.00034431

0.011
0.018

0.0018

Yes

Yes

--(b)

-(b)

2.01E-07

--(b)

--(b)

3. 26E-07

2.81E-07

4.22E-07

2.19E-06

1.58E-06
3.38E-06

5.01E-04

8.93E-06

1.36E-05

8.92E-08

1.401-06

7.44E-06

1.96E-06

2.81E-07

4.22E-07

2.19E-06

1.58E-06
3.67E-06

5.03E-04

1.64E-05

1.58E-05

0.051

0.077

0.40

0.29
0.67

92

3.0

2.9

Attachment C, Page C-1I



ECF-200P01-09-2115 REV. 2

Chloride 11.439962 --(b) -

Chloroform 0.00038106 Yes 1.06E-07 6.85E-07 3.36E-08 8.24E-07 0.15
Chromium 0.015609389 -- (b) - -- -

Cobalt 0.004378857 -- (b) - -- --

Copper 0.004482187 -- (b) -

Dinoseb(2-secButyl-4,6-
dinitrophenol) 0.005506461 - -- (b) --

Fluoride 0.31715504 - -- (b)

Hexavalent Chromium 0.191 --(b) -- --

Iron 0.14355212 - --(b) --

Lead 0.00142074 -- (b) - -

Manganese 0.009635007 - -- (b) - - -

Nickel 0.010760715 - -(b) -

Nitrate 31.205071 - -(b) --

Nitrite 0.034429846 -~ -(b) -
Nitrogen in Nitrite and
Nitrate 14.7 --(b) -

Octachlorodibenzofuran 9.9649E-09 -- (b) 2.25E-08
Octachlorodibenzo-p-
dioxin 5.6857E-09 - -(b) 1.29E-08 -- -

Silver 0.005650889 - -(b) -

Strontium 0.26495344 - -(b) -

Sulfate 56.164035 - -(b)
Toluene 0.000065 Yes - -

Total petroleum
hydrocarbons - gasoline
range 0.05 -- (b) -

Trichloroethene 0.000570461 Yes 1.72E-07 2.94E-06 2.75E-07 3.39E-06 0.62
Uranium 0.014879201 - -- (b) -

Vanadium 0.021937779 - -(b)
Zinc 0.092316084 - -- (b) - -

Total ELCR 8.06E-07 5.35E-04 1.12E-05 5.47E-04 100

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

SVOC = semivoatile organic compound.

VOC = volatile organic compound.

ELCR = excess lifetime cancer risk.

200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (10-Year)-Summary of CTUIR Drinking Water Exposure Scenario Cancer Risk Results
for Radioactive COPCs in Groundwater.

COPC ontaminant Concentration in GroundwatE Volatile?a Risk (Inhalation) Risk (Ingestion) Total Risk %

C, (pCi/L) (unitless) (unitless) (unitless) Contribution

Gross alpha 4.8703439 --(b) -

odine-129 3.1689247 --(b) 4.49E-05 4.49E-05 3.0

Plutonium-239/240 0.029 -- (b) 3.74E-07 3.74E-07 0.025
Protactinium-231 0.28 - --(b) 4.63E-06 4.63E-06 0.31

Strontium-90 4.5802399 --(b) 2.45E-05 2.45E-05 1.6

Technetium-99 1567.7398 - --(b) 4.12E-04 4.12E-04 27
Tritium 192557.5 Yes 8.57E-05 9.34E-04 1.021-03 68

Total ELCR 8.57E-05 1.37E-03 1.51E-03 100

Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

COPC = contaminant of potential concern.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

VOC = volatile organic compound.

Attachment C, Page C-12



ECF-200P01-09-2115 REV. 2

200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Near-Field exposure area - CTUIR

Ingestion of Nonradioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

Ingestion Chronic Daily Intake CDI calculated mg/kg-day EPA 1989

Contaminant concentration in Drinking Water Cw contaminant-specific mg/L ECF-200PO1-09-2027

Average Body Weight BW 70.0 15.0 kg Harris et al, 2004

Drinking Water Ingestion Rate IRW 4.0 1.0 Liters/day Harris et al, 2004
Calculated using the age
adjusted intake factors

Age-Adjusted Drinking Water Ingestion Rate lRWadj 4.057 L-yr/kg-day equation

Exposure Frequency EF 365 days/yr Harris et al, 2004

Exposure Duration ED 70 6 yr Harris et al, 2004

Averaging time AT 70 - yr Harris et al, 2004

RfDo Oral Reference Dose Chemical Specific mg/kg-day EPA 2009

CFo Oral Cancer Slope Factor Chemical Specific (mg/kg-day) EPA 2009

CF2 Conversion Factor 365 days/year EPA 1989

Harris,S5, and B. Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.
ECF-200P1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A) Interim Final. Office of Emergency and Remedial Response.

U.S. EPA, 2009 EPA Region II Regional Screening Level downloaded December 2009. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cw CDI (noncarcinogen) RfD HQ %

Near-Field Exposure Area Nonradioactive COPC CA5 # (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 3.734E-09 2.13E-10 --

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 5.6E-09 3.20E-10 -- --

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 2.9E-09 1.66E-10 --

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 2.1E-09 1.20E-10 -- --

1,2-Dichloroethane 107-06-2 0.00064 3.66E-05 2.OOE-02 1.83E-03 0.018
2,3,4,6-Tetrachlorophenol 58-90-2 0.0077 4.40E-04 3.OOE-02 1.47E-02 0.15
2-Methylphenol (cresol, o-) 95-48-7 0.0075 4.29E-04 5.OOE-02 8.57E-03 0.085
4-Nitrophenol 100-02-7 0.0072 4.11E-04 8.OOE-03 5.14E-02 0.51
Aluminum 7429-90-5 0.11217909 6.41E-03 1.00E+00 6.41E-03 0.064
Arsenic 7440-38-2 0.005765062 3.29E-04 3.00E-04 1.10E+00 11
Barium 7440-39-3 0.052626075 3.01E-03 2.00E-01 1.50E-02 0.15
Beryllium 7440-41-7 0.00034431 1.97E-05 2.00E-03 9.84E-03 0.098
Bis(2-ethylhexyl) phthalate 117-81-7 0.011 6.29E-04 2.00E-02 3.14E-02 0.31
Cadmium 7440-43-9 0.018 1.03E-03 5.OE-04 2.06E+00 21
Carbon tetrachloride 56-23-5 0.0018 1.03E-04 7.OOE-04 1.47E-01 1.5
Chloride 16887-00-6 11.439962 6.54E-01 -- --

Chloroform 67-66-3 0.00038106 2.18E-05 1.00E-02 218E-03 0.022
Chromium 7440-47-3 0.015609389 8.92E-04 1.50E+00 5.95E-04 0.0059
Cobalt 7440-48-4 0.004378857 2.50E-04 3.OOE-04 8.34E-01 8.3
Copper 7440-50-8 0.004482187 2.56E-04 4.00E-02 6.40E-03 0.064
Dinoseb(2-secButyl-4,6-dinitrophenol) 88-85-7 0.005506461 3.15E-04 1.00E-03 3.1SE-01 3.1
Fluoride 16984-48-8 0.31715504 1.81E-02 6.00E-02 3.02E-01 3.0
Hexavalent Chromium 18540-29-9 0.191 1.09E-02 3.00E-03 3.64E+00 36
Iron 7439-89-6 0.14355212 8.20E-03 7.00E-01 1.17E-02 0.12
Lead 7439-92-1 0.00142074 8.12E-05 -- --

Manganese 7439-96-5 0.009635007 5.51E-04 2.40E-02 2.29E-02 0.23
Nickel 7440-02-0 0.010760715 6.15E-04 2.00E-02 3.07E-02 0.31
Nitrate 14797-55-8 31.205071 1.78E+00 7.10E+00 2.51E-01 2.5
Nitrite 14797-65-0 0.034429846 1.97E-03 3.00E-01 6.56E-03 0.065
Nitrogen in Nitrite and Nitrate N02+NO3-N 14.7 8.40E-01 1.60E+00 5.25E-01 5.2
Octachlorodibenzofuran 39001-02-0 9.9649E-09 5.69E-10 -- --

Octachlorodibenzo-p-dioxin 3268-87-9 5.6857E-09 3.21E-10 -- --

Silver 7440-22-4 0.005650889 3.23E-04 5.00E-03 6.46E-02 0.64
Strontium 7440-24-6 0.26495344 1.51E-02 6.00E-01 2.52E-02 0.25
Sulfate 14808-79-8 56.164035 3.21E+00 --

Toluene 108-88-3 0.000065 3.71E-06 8.00E-02 4.64E-05 4.63E-04
Total petroleum hydrocarbons - gasoline range TPHGASOLINE 0.05 2.86E-03 -- --

Trichloroethene 79-01-6 0.000570461 3.26E-05 -

Uranium 7440-61-1 0.014879201 8.50E-04 3.00E-03 2.83E-01 2.8
Vanadium 7440-62-2 0.021937779 1.25E-03 5.00E-03 2.51E-01 2.5
Zinc 7440-66-6 0.092316084 5.28E-03 3.00E-01 1.76E-02 0.18
Total 1.00E+01 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

E PA 540/1-89/002 Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part A).

COPC = contaminant of potential concern.

HQ = hazard quotient.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cw CDI (carcinogen) CSF" Risk %
Near-Field Exposure Area Nonradioactive COPC CAS 8 tmg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin
1, 2,3,4,6,7,8-H e ptach orod ibenzofu ran
1, 2,3,4,7,8-H exa ch lo rodiben zofuran
1, 2,3,6,7,8-H exa chlo rodibe nzofuran
1,2-Dichloroethane
2,3,4,6-Tetrachlorophenol
2-Methyphenol (cresol, o-)
4-Nitrophenol
Aluminum
Arsenic
Barium
Beryllium
Bis2-ethylhexyl) phthalate
Cadmium
Carbon tetrachloride
Chloride
Chloroform
Chromium
Cobalt
Copper
Dinoseb(2-sec8utyl-4,6-dinitrophenol)
Fluoride
Hexavalent Chromium

35822-46-9
67562-39-4
70648-26-9
57117-44-9

107-06-2
58-90-2
95-48-7

100-02-7
7429-90-5
7440-38-2
7440-39-3
7440-41-7
117-81-7
7440-43-9

56-23-5
16887-00-6

67-66-3
7440-47-3
7440-48-4
7440-50-8

88-85-7
16984-48-8
18540-29-9

3.734E-09
5.6E-09
2.9E-09
2.1E-09
0.00064
0.0077
0.0075
0.0072

0.11217909
0.005765062
0.052626075
0.00034431

0.011
0.018
0.0018

11.439962
0.00038106

0.015609389
0.004378857
0.004482187
0.005506461
0.31715504

0.191

2.16E-10
3.25E-10
1.68E-10
1.22E-10
3.71E-05
4.46E-04
4.35E-04
4.17E-04
6.50E-03
3.34E-04
3.05E-03
2.00E-05
6.38E-04
1.04E-03

1.04E-04
6.63E-01
2.21E-05
9.05E-04
2.54E-04
2.60E-04
3.19E-04
1.84E-02
1.11E-02

1.300+03
1.30E+03
1.30E+04
1.30E+04
9.10E-02

1.50E+00

1.40E-02

1.30E-01

3.10E-02

2.81E-07
4.22E-07
2.19E-06
1.58E-06
3.38E-06

5.01E-04

8.93 E-06

1.36E-05

6.85E-07

0.013
0.079
0.41
0.30
0.63

94

1.7

2.5

0.13
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Iron 7439-89-6 014355212 8.32E-03 -

Lead 7439-92-1 0.00142074 8.23E-05 -- --

Manganese 7439-96-5 0.009635007 5.58E-04 --

Nickel 7440-02-0 0.010760715 6.24E-04
Nitrate 14797-55-8 31.205071 1.81E00 -- --

Nitrite 14797-65-0 0.034429846 2.00E-03 --

Nitrogen in Nitrite and Nitrate NO2+NO3-N 14.7 8.52E-01 -- --

Octachlorodibenzofuran 39001-02-0 9.9649E-09 5.78E-10 3.90E+01 2.25E-08 0.0042
Octachlorodibenzo-p-dioxin 3268-87-9 5.6857E-09 3.30E-10 3.90E+01 1.29E-08 0.0024
Silver 7440-22-4 0.005650889 3.28E-04 --

Strontium 7440-24-6 0.26495344 1.54E-02 --

Sulfate 14808-79-8 56.164035 3.26E+00 -- --

Toluene 108-88-3 0.000065 3.77E-06 --

Total petroleum hydrocarbons - gasoline range TPHGASOLINE 0.05 2.90E-03 -- --

Trichloroethene 79-01-6 0.000570461 3.31E-05 8.90E-02 2.94E-06 0.55
Uranium 7440-61-1 0.014879201 8.62E-04 - --

Vanadium 7440-62-2 0.021937779 1.27E-03 -- --

Zinc 7440-66-6 0.092316084 5.3SE-03 -- --

Total ELCR 5.35E-04 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://ww.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Near-Field exposure area - CTUIR

Inhalation of Volatile Nonradioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

EPA 2009b

mg/m'for noncarcinogens,

Inhalation Chronic Daily Intake CDI calculated pg/m for carcinogens

Contaminant concentration in drinking water C. contaminant-specific mg/L ECF-200POI-09-2027

Exposure Time ET 0.580 -- hours/day U.S. EPA, 2004

Exposure Frequency EF 365 days/yr Harris et al, 2004

Exposure Duration ED 70 -- yr Harris et al, 2004

Averaging Time AT 70 -- yr Harris et al, 2004

Andelman Volatilization Factor VF 0.5 m/kg U.S. EPA, 1991

Inhalation Reference Concentration RfC, Chemical Specific mg/m EPA 2009a

Inhalation Unit Risk IUR Chemical Specific (ag/rn)' EPA 2009a

Conversion Factor CF1 365 days/year EPA 2009b

Conversion Factor CF2 0.042 1day/24 hours EPA 2009b

Harris, 5, and B. Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence lifeways.

ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

U.S. EPA, 2009a EPA Region Ill Regional Screening Level downloaded December 2009. http://ww.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

U.S. EPA 2009b. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cw CDI (noncarcinogen) RfC HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # Volatile' (mg/L) (mg/i) (mg/rn ) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 -- 3.734E-09 --(b) -- (b)
1,2,3,4,6,7,8-Heptachlorodibenzofuran 67S62-39-4 -- 5.6E-09 --o) -- -- (b)
1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 2.9E-09 --(b) -- (b)

1,2,3,6,7,8-Hexachlorodibenzofuran S7117-44-9 -- 2.1E-09 --(b) --(b)

1,2-Dichloroethane 107-06-2 Yes 0.00064 7.73E-06 2.40E+00 3.22E-06 0.89
2,3,4,6-Tetrachlorophenol 58-90-2 -- 0.0077 --(b) -- (b)
2-Methylphenol (cresol, o-) 95-48-7 -- 0.0075 --(b) 6.OOE-01--(b)
4-Nitrophenol 100-02-7 - 0.0072 --(b) -- (b)
Aluminum 7429-90-5 0.11217909 -- () 5.00E-03 -- (b)

Arsenic 7440-38-2 -- 0.005765062 -- () 1.50E-05 -- (b)
Barium 7440-39-3 -- 0.052626075 --(b) 5.ODE-04

Beryllium 7440-41-7 - 0.00034431 --(b) 2.OOE-05 -- (b)
Bis(2-ethylhexyl) phthalate 117-81-7 -- 0.011 --(b) -- (b)
Cadmium 7440-43-9 -- 0.018 --(b) 1.OE-05 -- (b)

Carbon tetrachloride 56-23-5 Yes 0.0018 2.18E-05 1.90E-01 1.14E-04 32
Chloride 16887-00-6 -- 11.439962 --(b) -- -- (b)

Chloroform 67-66-3 Yes 0.00038106 4.60E-06 9.80E-02 4.70E-05 13
Chromium 7440-47-3 -- 0015609389 -- (o) -- (b)
Cobalt 7440-48-4 -- 0004378857 -- ) 6.OE-06 -- (b)
Copper 7440-50-8 -- 0.004482187 -- (b) --

Dinoseb(2-secButyl-4,6-dinitrophenol) 88-85-7 -- 0005506461 -- (b) --

Fluoride 16984-48-8 -- 0.31715504 -- (o) 1.30E-02 -- )
Hexavalent Chromium 18540-29-9 -- 0.191 --(b) 1.00E-04--(b)

Iron 7439-89-6 -- 0.14355212 --(b) -- (b)

Lead 7439-92-1 -- 0.00142074 --(b) -- --(b)
Manganese 7439-96-5 -- 0.009635007 -- (b) 5.00E-05 --(b)
Nickel 7440-02-0 -- 0.010760715 --(b) 9.00E-05 --(b)
Nitrate 14797-55-8 -- 31.205071 -(b) -- (b)

Nitrite 14797-65-0 -- 0.034429846 -- (b) -- (b)

Nitrogen in Nitrite and Nitrate NO2+NO3-N -- 14.7 -- (b) -- (b)
Octachlorodibenzofuran 39001-02-0 -- 9.9649E-09 --(b) -- (b)
Octachlorodibenzo-p-dioxin 3268-87-9 -- 5.6857E-09 --(0) - -- (b)
Silver 7440-22-4 -- 0.005650889 --(o) -- -- (b)

Strontium 7440-24-6 -- 0.26495344 --(b) - --()

Sulfate 14808-79-8 -- 56.164035 -- (b) -- (b)
Toluene 108-88-3 Yes 0.000065 785E-07 5.00E00 1.57E-07 0.043

Total petroleum hydrocarbons - gasoline range TPHGASOLINE -- 0.05 -- (o) --(b)

Trichloroethene 79-01-6 Yes 0.000570461 6.89E-06 3.50E-02 1.97E-04 54

Uranium 7440-61-1 -- 0.014879201 --(b) 3.00E-04 --(b)
Vanadium 7440-62-2 -- 0.021937779 -- (b) -- (b)
Zinc 7440-66-6 0.092316084 --(b) -- --(b)
Total 3.621-04 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

HQ = hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cm CDI (carcinogen) IUR' Risk %

Near-Field Exposure Area Nonradioactive COPC CAS # Volatile' (mg/L) (pg/m') (pg/ml ) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin
1,2,3,4,6,7,8-Heptachlorodibenzofuran
1,2,3,4,7,8-Hexachlorodibenzofuran

1,2,3,6,7,8-Hexachlorodibenzofuran
1,2-Dichloroethane

2,3,4,6-Tetrachlorophenol
2-Methylphenol (cresol, o-)
4-Nitrophenol
Aluminum

Arsenic

Barium
Beryllium
Bis(2-ethylheyl) phthalate
Cadmium
Carbon tetrachloride

Chloride
Chloroform
Chromium
Cobalt
Copper

Dinoseb(2-secButyl-4,6-dinitrophenol)
Fluoride

35822-46-9
67562-39-4
70648-26-9
57117-44-9

107-06-2
58-90-2
95-48-7
100-02-7

7429-90-5
7440-38-2

7440-39-3
7440-41-7

117-81-7
7440-43-9

56-23-5
16887-00-6

67-66-3
7440-47-3
7440-48-4

7440-50-8

88-85-7
16984-48-8

Yes

Yes

Yes

3.734E-09
5.6E-09
2.9E-09
2.1E-09
0.00064
00077
0.007S
0.0072

0.11217909
0.005765062
0.052626075
0.00034431

0.011
0.018

0.0018
11.439962

0.00038106
0.015609389
0.004378857
0.004482187

0.005506461
0.31715504

--(b)

-(b)
--(b)

7.73E-03
-- (b)

-- (x)

-- (b)

--(b)

-- (b)

4.60E-03

--(0)

--(6)

--(b)

3.80E-01
3.80E-01
3.80E+00
3.80E00
2.60E-05

4.30E-03

2.40E-03
2.40E-06
1.80E-03
1.50E-05

2.30E-05

9.00E-03

-(b)

--(b)
-- (b)

2.01E-07

-- (b)

--(b)

--(b)

--(b)

-- (b)

--(b)

--(b)

-- (b(

--(b)

25

41

13

Attachment C, Page C-15



ECF-200P01-09-2115 REV. 2

Hexavalent Chromium 18540-29-9 - 0.191 --(b) 8.40E-02 -- (0)
Iron 7439-89-6 0.14355212 --(b) -- --(b)
Lead 7439-92-1 -- 0.00142074 --(b) --
Manganese 7439-96-5 -- 0.009635007 --(b) -- --(b)
Nickel 7440-02-0 -- 0.010760715 --(b) 2.60E-04
Nitrate 14797-55-8 -- 31.205071 --(b) --
Nitrite 14797-65-0 -- 0.034429846 --(b) -- --(b)
Nitrogen in Nitrite and Nitrate NO2+NO3-N -- 14.7 --(b) --
Octachlorodibenzofuran 39001-02-0 -- 9.9649E-09 --(b) 1.14E-02 --(b)
Octachlorodibenzo-p-dioxin 3268-87-9 -- 5.6857E-09 --(b) 1.14E-02 --(b)
Silver 7440-22-4 -- 0.005650689 --(b) -- -(b)
Strontium 7440-24-6 0.26495344 --(b) -- --(b)
Sulfate 14808-79-8 -- 56.16403S --(b) -- --(b)
Toluene 108-88-3 Yes 0.000065 7.85E-04
Total petroleum hydrocarbons - gasoline range TPHGASOLINE -- 0.05 (b) -- --(b)
Trichloroethene 79-01-6 Yes 0.000570461 6.89E-03 2.50E-05 1.72E-07 21
Uranium 7440-61-1 -- 0.014879201 --(b) -- --(b)
Vanadium 7440-62-2 -- 0.021937779 --(b) - --(b)
Zinc 7440-66-6 -- 0.092316084 -- (b) I--(b)

Total ELCR 806E-07 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

bNonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final
COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC semivolatile organic compound.

VOC = volatile organic compound.
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ECF-200P01-09-2115 REV. 2

200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Near-Field exposure area - CTUIR

Inhalation of Volatile Radioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value
Factor Symbol Adult Child Unit Reference

Chronic Daily Intake CDI calculated pC EPA 1909

Contaminant concentration in drinking water C. cortaminant-specific pCi/I ECF-20OPO1-09-2027

Exposurefrequency EF 365 365 days/year Harris etal, 2004

Exposure duration ED 70 6 years Harris etal, 2004

inhalation Rate INH 25 15 mi/day Harris, 2008

Exposure time ET 0.58 1 hr/day U.S. EPA, 2004

Age Adjusted Exposure Time ET, hrs
Calculated using the
age adjusted intake

0616 factors equation
Radiation Age-adjusted inhalation rate INH_RAD., 1690 mi-yr/day

Calculated using the
age adjusted intake
factors equation

Andelman Volatilization Factor VF 0.5 m
t
/kg U S. EPA, 1991b

Radiation Inhalation of Volatles Slope Factor Sf1 Chemical Specific risk/pCi U.S. EPA, 0997

H arr is, 5, a nd B. H ar per, 2004, E xposure Scenario for CTUIR Traditional Subsistenc iiwy
Haris,S., 2004, RAscasmn of the CCfIR Traditional Lifeiayd upure Scenario ivHafad Risk Aaaremens.

ECF-200P0-D-2027: Eposure Pint Concentration for Groundwater Risk Assessmet at the 200-POD1 Operable Unit. CHPRC 20100

U.S. EPA 989. Risk assesumat guidance for Superfued. Volume 1: Human health evaluation manual (Part A. interim Final. Office of Emergency and Remedial Response.

U.S. EPA 990. Risk Assessment Guidance for Superfuna, Volume 1: Human Health Evaluation Manual (Part , Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA, 1997 US EPA Health EffetsAsessment SummaryTales (HEAST( fy 997 Update. EPA-SR-R-7-036. July 997
U.S. EPA 2004. Risk Oseomee Guidance for Superfuno Volume 1: Human Health Evaluative Manual (Part E, Supplemental Guidance for Drmal Risk Assessment)

Inhalation of Volatile Radioactive Constituents in Groundwater

200-PO-1Groundwater Operable Unit Cw ^DI (radiological mhalation SF, Risk %

Near-Field Exposure Area Radioactive COPC CAS # fVOC (pC/L) (pCi) (risk/pCi) (unitless) Contribution
Grossalpha 12587-4-4 -- 4.8703439 --(b) -- --(i)

)odine-129 15046-84-1 3.1689247 --(b) 6.07E-11 --(b)
Plutonium-239/240 PU-239/240 0.029 --(b) 3.33E-08 -(b)

Protactium-231 14331-85-2 - 0.28 --(b) 455E-D8 --(b)
Strontium-90 10098-97-2 4.S802399 --(b) 1.05E-10 --(b)

Technetium-99 14133-76-7 1567.7398 --(b) 141E-11- -(b)

Tritium 10028-17-8 Yes 192557.5 1.52E+09 5.62E-14 d.57E-0 1000

Total ELCR I .57E- 00
Radiological contaminants considered volatile for the groundwater inhalation pathway are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/moie.

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). interim Final. Office of Emergency and Remedial Response.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Near-Field exposure area - CTUIR

Ingestion of Radioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Factor Symbol Unit Value Reference

Chronic Daily Intake CDI calculated pC EPA 1989

Contaminant concentration in drinking water C. contaminant-specific pCi/I ECF-200P01-09-2027

Exposure frequency EF 365 365 days/year Harris et al, 2004

Exposure duration ED 70 6 years Harris et al, 2004

Drinking Water Ingestion Rate IRW 4 1 L/day Harris, 2008

Radiation Age-adjusted drinking water ingestion rate IRW_RADadi 262 L-yr/day

Calculated using the

age adjusted intake
factors equation

Radiation Ingestion of Water Slope Factor Sfo Chemical Specific risk/pCi U.S. EPA, 1997

Harris, S, and B. Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

Harris, S., 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

Ingestion of Radioactive Constituents in Groundwater

200-PO-1 Groundwater Operable Unit Cw I (radiological ingesti( SF0  Risk %

Near-Field Exposure Area Radioactive COPC CAS # (pCi/L) (pCi) (risk/pCi) (unitless) Contribution

Gross alpha 12587-46-1 4.8703439 465,751 -- --

lodine-129 15046-84-1 3.1689247 303,044 1.48E-10 4.49E-05 3.2

Plutonium-239/240 PU-239/240 0.029 2,773 1.35E-10 3.74E-07 0.026

Protactinium-231 14331-85-2 0.28 26,776 1.73E-10 4.63E-06 0.33

Strontium-90 10098-97-2 4.5802399 438,008 5.59E-11 2.45E-05 1.7

Technetium-99 14133-76-7 1567.7398 1.50E+08 2.75E-12 4.12E-04 29

Tritium 10028-17-8 192557.5 1.84E+10 5.07E-14 9.34E-04 66

Total ELCR 1.42E-03 100

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

COPC = contaminant of potential concern.

ELCR excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit River Unconfined Exposure Area Native American Risk Assessment (10-Year)--Summary of CTUIR Drinking Water Exposure Scenario Noncancer Hazard Results for

Nonradioactive COPCs in Groundwater.

COPC ontaminant Concentration in Groundwat VOC? HQ (Inhalation) HQ (Ingestion) HQ (Dermal) Total HI %

C, (mg/L) (unitless) (unitless) (unitless) (unitless) Contribution

Acetone 0.0011 Yes 4.29E-07 6.98E-05 -- 7.03E-05 0.0031

Arsenic 0.005767892 -- --(b) 1.10E+00 2.87E-03 1.10E+00 48

Barium 0.049451657 -- --(b) 1.41E-02 5.27E-04 1.47E-02 0.64

Carbon tetrachloride 0.00028 Yes 1.78E-05 2.29E-02 3.06E-03 2.59E-02 1.1

Chloride 12.545114 - -(b) -- --

Chloroform 0.0023 Yes 2.84E-04 1.31E-02 5.99E-04 1.40E-02 0.61

Chromium 0.0141 -- --(b) 5.37E-04 1.08E-04 6.45E-04 0.028

Copper 0.00597989 --(b) 8.54E-03 2.23E-05 8.56E-03 0.37

Fluoride 0.30621978 -- --(b) 2.92E-01 7.61E-04 2.92E-01 13

Iron 0.61057915 -- -(b) 4.98E-02 1.30E-04 5.00E-02 2.2

Lead 0.000663667 -- -(b) -

Manganese 0.040717647 -- (b) 9.69E-02 6.33E-03 1.03E-01 4.5

Nickel 0.0056 -- -(b) 1.60E-02 2.09E-04 1.62E-02 0.71

Nitrate 28.952 -- --(b) 2.33E-01 6.08E-04 2.34E-01 10

Nitrite 0.46 -- --(b) 8.76E-02 2.29E-04 8.78E-02 3.8

Strontium 0.38963943 - -- (b) 3.71E-02 9.691-05 3.72E-02 1.6

Sulfate 41.899078 -- (b) --

Thallium 0.00037 -- (b)

Uranium 0.005491757 - -(b) 1.05E-01 2.73E-04 1.05E-01 4.6

Vanadium 0.0168 - -(b) 1.92E-01 5.01E-04 1.93E-01 8.4

Zinc 0.006671161 - -(b) 1.27E-03 1.99E-06 1.27E-03 0.056

Total 3.02E-04 2.27 0.02 2.28 100

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

HQ = hazard quotient.

HI = hazard index.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit River Unconfined Exposure Area Native American Risk Assessment (10-Year)-Summary of CTUIR Drinking Water Exposure Scenario Cancer Risk Results for

Nonradioactive COPCs in Groundwater.

COPC ontaminant Concentration in Groundwat. VOC? Risk (Inhalation) Risk (Ingestion) Risk (Dermal) Total Risk %

C (mg/L) (unitless) (unitless) (unitless) (unitless) Contribution

Acetone 0.0011 Yes - -

Arsenic 0.005767892 -- (b) 5.01E-04 1.45E-06 5.03E-04 99

Barium 0.049451657 -- (b) -

Carbon tetrachloride 0.00028 Yes 5.08E-08 2.11E-06 3.04E-07 2.46E-06 0.48

Chloride 12.545114 -- (b) -- -

Chloroform 0.0023 Yes 6.39E-07 4.13E-06 2.03E-07 4.97E-06 0.97

Chromium 0.0141 - -(b) - --

Copper 0.00597989 - -- (b) - --

Fluoride 0.30621978 - -(b) -

Iron 0.61057915 -- (b) - --

Lead 0.000663667 - -- (b)
Manganese 0.040717647 - -- (b) -

Nickel 0.0056 -b) -

Nitrate 28.952 --(b) -

Nitrite 0.46 - -(b) - -

Strontium 0.38963943 -- (b)
Sulfate 41.899078 --(b) -

Thallium 0.00037 -- (b) --

Uranium 0.005491757 -- (b)

Vanadium 0.0168 -- -(b) -

Zinc 0.006671161 -- -(b) -

[TotalELCR 6.90E-07 5.08E-04 1.96E-06 5.10E-04 100

200-PO-1Groundwater Operable Unit River Unconfined Exposure Area Native American Risk Assessment (10-Year)--Summary of CTUIR Drinking Water Exposure Scenario Cancer Risk

Results for Radioactive COPCs in Groundwater.

COPC ontaminant Concentration in Groundwati VOC? Risk (Inhalation) Risk (Ingestion) Total Risk %

C (pCi/L) (unitless) (unitless) (unitless) Contribution

Gross alpha 2.8 -- (b)

Gross beta 22.2 -- (b)

Strontium-90 2.60 - -(b) 1.39E-05 1.39E-05 4.18

Technetium-99 115 - -(b) 3.02E-05 3.02E-05 9.1

Tritium 59,534 Yes 2.65E-05 2.89E-04 2.89E-04 87

Total ELCR 2.65E-05 3.33E-04 3.33E-04 100

' Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

-j
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COPC = contaminant of potential concern.

CTUR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--River exposure area - CTUIR

Ingestion of Nonradioactive Compounds in Drinking Water- CTUIR

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

Ingestion Chronic Daily Intake CDI calculated mg/kg-day EPA 1989

Contaminant concentration in Drinking Water Cw contaminant-specific mg/L ECF-200P1-09-2027

Average Body Weight BW 70 15 kg Harris et al, 2004

Drinking Water Ingestion Rate IRW 4.0 1.0 Liters/day Harris et al, 2004
Calculated using the age
adjusted intake factors

Age-Adjusted Drinking Water Ingestion Rate IRWadj 4.057 L-yr/kg-day equation

Exposure Frequency EF 365 days/yr Harris et al, 2004

Exposure Duration ED 70 6.0 yr Harris et al, 2004

Averaging time AT 70 1 yr Harris et al, 2004

RfDo Oral Reference Dose Chemical Specific mg/kg-day EPA 2009

COFo Oral Cancer Slope Factor Chemical Specific (mg/kg-day) 
1  

EPA 2009

CF2 Conversion Factor 365 days/year EPA 1989

Harris, S, and 8. Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

ECF-200PO1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA, 2009 EPA Region Ill Regional Screening Level downloaded December 2009. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cw CDI (noncarcinogen) RfD' HQ %

River Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution

Acetone 67-64-1 0.0011 6.29E-05 9.OOE-01 6.98E-05 0.0031

Arsenic 7440-38-2 0.005767892 3.30E-04 3.OOE-04 1.10E+00 48

Barium 7440-39-3 0.049451657 2.83E-03 2.OOE-01 1.41E-02 0.62

Carbon tetrachloride 56-23-5 0.00028 1.60E-05 7.OOE-04 2.29E-02 1.01

Chloride 16887-00-6 12.545114 7.17E-01
Chloroform 67-66-3 0.0023 1.31E-04 1.00E-02 1.31E-02 0.58

Chromium 7440-47-3 0.0141 8.06E-04 1.50E-00 5.37E-04 0.024

Copper 7440-50-8 0.00597989 3.42E-04 4.OOE-02 8.54E-03 0.38

Fluoride 16984-48-8 0.30621978 1.75E-02 6.OOE-02 2.92E-01 13

Iron 7439-89-6 0.61057915 3.49E-02 7.OOE-01 4.98E-02 2.2

Lead 7439-92-1 0.000663667 3.79E-05 - -

Manganese 7439-96-5 0.040717647 2.33E-03 2.40E-02 9.69E-02 4.3

Nickel 7440-02-0 0.0056 3.20E-04 2.OOE-02 1.60E-02 0.71

Nitrate 14797-55-8 28.952 1.65E+00 7.10E+00 2.33E-01 10

Nitrite 14797-65-0 0.46 2.63E-02 3.OOE-01 8.76E-02 3.9

Strontium 7440-24-6 0.38963943 2.23E-02 6.OOE-01 3.71E-02 1.6

Sulfate 14808-79-8 41.899078 2.39E+00 --

Thallium 7440-28-0 0.00037 2.11E-05
Uranium 7440-61-1 0.0054917S7 3.14E-04 3.00E-03 1.05E-01 4.6

Vanadium 7440-62-2 0.0168 9.60E-04 5.00E-03 1.92E-01 8.5
Zinc 7440-66-6 0.006671161 3.81E-04 3.00E-01 1.27E-03 0.056
Total 2.3 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume f: Human Health Evaluation Manual (Part A).

Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.

HQ = hazard quotient.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cw CDI (carcinogen) CSFa Risk %

River Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution

Acetone 67-64-1 0.0011 6.38E-05 -

Arsenic 7440-38-2 0.005767892 3.34E-04 1.50E+00 5.01E-04 99

Barium 7440-39-3 0.049451657 2.87E-03 --

Carbon tetrachloride 56-23-5 0.00028 1.62E-05 1.30E-01 2.11E-06 0.42

Chloride 16887-00-6 12.545114 7.27E-01 -

Chloroform 67-66-3 0.0023 1.33E-04 3.10E-02 4.13E-06 0.81

Chromium 7440-47-3 0.0141 8.17E-04 -

Copper 7440-50-8 0.00597989 3.47E-04 -

Fluoride 16984-48-8 0.30621978 1.77E-02
Iron 7439-89-6 0.61057915 3.54E-02 - -

Lead 7439-92-1 0.000663667 3.8E-0 - -

Manganese 7439-96-5 0.040717647 2.36E-03 -

Nickel 7440-02-0 0.0056 3.25E-04 - -

Nitrate 14797-55-8 28.952 1.68E+00
Nitrite 14797-65-0 0.46 2.67E-02 -

Strontium 7440-24-6 0.38963943 2.26E-02
Sulfate 14808-79-8 41.899078 2.43E+00 -

Thallium 7440-28-0 0.00037 2.14E-05
Uranium 7440-61-1 0.005491757 3.18E-04 -

Vanadium 7440-62-2 0.0168 9.74E-04 --

Zinc 7440-66-6 0.006671161 3.87E-04

Total ELCR 5.08E-04 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).

Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--River exposure area - CTUIR

Inhalation of Volatile Nonradioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

mg/m'for noncarcnogens,

Inhalation Chronic Daily Intake CDI calculated pg/m' for carcinogens EPA 2009b

Contaminant concentration in drinking water C, contaminant-specific mg/L ECF-200PO1-09-2027

Exposure Time ET 0.580 -- hours/day U.S. EPA, 2004

Exposure Frequency EF 365 days/yr Harris et al, 2004

Exposure Duration ED 70 -- yr Harris et al, 2004

Averaging Time AT 70 -- yr Harris et al, 2004

Andelman Volatilization Factor VF 0.5 m/kg U.S. EPA, 1991

Inhalation Reference Concentration RfC, Chemical Specific mg/m3 EPA 2009a

Inhalation Unit Risk IUR Chemical Specific (pg/m') EPA 2009a

Conversion Factor CF1 365 days/year EPA 2009b

Conversion Factor CF2 0.042 lday/24 hours EPA 2009b

Harris,S, and B. Harper, 2004, ExposureScenarroforCTUIR TraditionalSubsistenceLifeways.

ECF-200PO1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

U.S. EPA, 2009 EPA Region Ill Regional Screening Level downloaded December 2009. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

U.S. EPA 2009b. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cm CDI (noncarcinogen) RfC' HQ %

River Exposure Area Nonradioactive COPC CAS B Volatile (mg/L) (mg/mi) (mg/m) (unitless) Contribution
Acetone 67-64-1 Yes 0.0011 1.33E-05 3.10E+01 4.29E-07 0.14
Arsenic 7440-38-2 0.005767892 --(b) 1.50E-05
Barium 7440-39-3 - 0.049451657 --(b) 5.0OE-04 --(b)
Carbon tetrachloride 56-23-5 Yes 0.00028 3.38E-06 1.90E-01 1.78E-05 6
Chloride 16887-00-6 12.545114 --(b) - -(b)
Chloroform 67-66-3 Yes 0.0023 2.78E-05 9.80E-02 2.4E-04 94
Chromium 7440-47-3 -- 0.0141 --(b) - -(b)
Copper 7440-50-8 0.00597989 --(b) -- -(b)
Fluoride 16984-48-8 0.30621978 --(b) 1.30E-02 -(b)
Iron 7439-89-6 0.61057915 --(b) -- -(b)
Lead 7439-92-1 0.000663667 --(b) - -(b)
Manganese 7439-96-5 - 0.040717647 --(b) 5.00E-05 --(b)
Nickel 7440-02-0 - 0.0056 --(b) 9.00E-05 --(b)
Nitrate 14797-55-8 28.952 --(b) --(b)

Nitrite 14797-65-0 -- 0.46 -(b) --- (b)
Strontium 7440-24-6 - 0.38963943 --(b) --(b)
Sulfate 14808-79-8 41.899078 -(b) -(b)
Thallium 7440-28-0 0.00037 --(b) --(b)
Uranium 7440-61-1 0.005491757 --(b) 3.OOE-04 --(b)
Vanadium 7440-62-2 0.0168 --(b) - -(b)
Zinc 7440-66-6 - 0.006671161 --(b) -- b)

Total 3.02E-04 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

HQ = hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

Cancer risk calculation

200-PO-1Groundwater Operable Unit C,,90th Percentile CDI (cancer) IUR Risk %

River Exposure Area Nonradioactive COPC CAS # VOC (mg/L) pg/n (pg/m)' (unitless) Contribution
Acetone 67-64-1 Yes 0.0011 1.33E-02 -

Arsenic 7440-38-2 0.005767892 --(b) 4.30E-03
Barium 7440-39-3 -- 0.049451657 --(b) --(b)
Carbon tetrachloride 56-23-5 Yes 0.00028 3.38E-03 1.50E-05 5.08E-08 7
Chloride 16887-00-6 -- 12.545114 --(b) -- --(b)
Chloroform 67-66-3 Yes 0.0023 2.78E-02 2.30E-05 6.39E-07 93
Chromium 7440-47-3 0.0141 --(b) -- (b)
Copper 7440-50-8 -- 0.00597989 --(b) -- -(b)
Fluoride 16984-48-8 0.30621978 --(b) - --(b)
Iron 7439-89-6 0.61057915 --(b) -- -(b)
Lead 7439-92-1 -- 0.000663667 --(b) -- (b)
Manganese 7439-96-5 0.040717647 --(b) -- -(b)
Nickel 7440-02-0 0.0056 --(b) 2.60E-04--(b)
Nitrate 14797-55-8 28.952 --(b) -- (b)

Nitrite 14797-65-0 - 0.46 --(b) -- (b)
Strontium 7440-24-6 - 0.38963943 --(b) --(b)
Sulfate 14808-79-8 - 41.899078 -- (b) --(b)
Thallium 7440-28-0 0.00037 --(b) --(b)
Uranium 7440-61-1 0.005491757 --(b) --(b)
Vanadium 7440-62-2 0.0168 --(b) --(b)
Zinc 7440-66-6 0.006671161 --(b) -_(b)

Total ELCR 6.90E-07 100
EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure mute.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.
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200-PD- groundwater cperabe unit Native American Risk Assessment (10-Year)-Roerexposure area - CTUIR

Dermal Absorpon of Nonradoactve Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

Contaminant concentration in Drinksng Water Cw contaminant-spec.tfc m /u EC-200P01-09-2027

Average Brody Weghlt BW 70 15 kg Harris en al 2004

Exposure Time ET 0.58 1.0 hours/day U.S. EPA, 2004

Calculated usng the age

adjusted intake factort

Esposure Time lAge-Adusted) ETadj d616 hours/day equation

Surface Area SA 18,ddy 6,600 cm Harrisaet al, 2004

Calculated using the age

adjusted intake factors

Age-Adjusted Surface Ama SAaj 19,097 (cm -or-event)/ kg-day) equation

Event Frequecy EV 0.0 1.0 Event/days U.S. EPA, 2004

Esposure Frequency EF 365 days/yr Harris et sl, 2004

Exposure Duration ED 70 6.0 yr Harris et al, 2004

Averaging time AT 70 - yr Harris et.al, 2004

RfDo Oral Reference Dose Chemical Specific mg/Pg-day EPA 2009

CSFO Oral Cancer Slope Fattor Chemicat Specfic (1mg/kg-day)
t  

EPA 2009

Conversion Pattor C2 365 days/year 365 days =0I year

Conoersion aton CF3 0.001 L/cm
t  

1L1=000cm

t Time sto rech steady state Chemical Specirfic hours EPA, 2004

Dermal Parddionng Constant Chemical Specfic untiless EPA, 2004

DA AbsorbedoDose per Event Chemical Specific (mg/cm'-event) Calculated using dermel

expoturetogrundwater

nruarros as provided by
U.S. EPA, 2004

p Dermal Permeability Constant Chemical Specii

Harris, 5, and B. Harper, 2004, Exposure Scenariofor CrUI8 traditional Subolstence Ufewops .

ECF-200PO-09-2027: Exposum Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 1991. Risk Assessment GuIdance for Superfund, Volume 1: Human Health Evaluation Manual (PadB, Development of Risk-Baed Preliminary Remediation Goals).

U.S. EPA 204. Risk Assessment Guidance for Superfund Volume 1: Human Health Eoaiuat'on Manual (ParsE, Supplemental Guidance for Dermal Risk Assessment)

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual(Par F, Supplemental Guidance for inhalation Risk Assessment) Finai

EPA/540/R/99/0d5 Eshibif 3-1 (isorganics) and Ehibit B-2

EPA/540/R/99/005 Exhyb't -3

the Kp value was taken from the Oak nidge National Laboratory nisk Assessment information System database found at rais.ernlgoo

cm/houn EPA, 2004

Non-cancer HQ calculation

200-PO-iGroundwatenOperable Unit Cw CDI(noncarcinogen) nRfD' GIAES' H N

'ver Exposure AreaNonradoactiveCOPC CAS# )mg/L( (mg/kg-day) )mg/kg-day) (untiets) (initess) Contribction

Acetone 67-64-1 0.000I - 9.00E-0i 0 --

Arsenic 7440-3-2 0.,1767192 -. 6OE-, , W. -41 G.029 is
arnum 7440-39-3 0.949451657 7.38E-06 2.00E-01 0.07 5.27E-D4 3.2

Carbon tetrachloride 56-23-5 0.00028 2.14E-06 7.00E-04 1 0.0031 08.75

Chloride 06887-00-6 12.545.04 1.57E-03 - I --

Chloroform 67-66-3 0.0023 5.99E-06 1.LOE-02 1 5.99E-04 3.6683
Chromium 7440-47-3 0.004 2.1OE-06 .50E+00 0.013 1.0E-D4 0.66
Copper 7440-50-8 0.00S97989 8.92E-07 4.00E-02 1 2.23E-05 0.14
Fluoride 06984-48-8 0.30621978 4.57E-0S 6.00E-02 0 7.61E-04 4.7

S7439-89-6 0.61057915 9.11E-05 7.00E-01 1 0.30E-DR 0.8
Lead 7439-92-1 0.000663667 9.90E-09 I --

Manganese 7439-96-5 0.040717647 6.07E-6 2.40E-02 0.04 0.003 39
Nvknl 7440-02-0 0.0056 1.67E-07 2.OVE-02 0.04 2.09E-94 1.3

N trate 04797-55-8 28.952 4.32E-03 7.10E+00 1 6.0 E-D4 3.7
Nitrite 04797-65-0 0.46 6.6E-05 3.00E-0i 1 2.29E-04 1.4

Strontium 7440-24-6 0.38963943 S.81E-5 6.00E-01 0 9.69E-05 0.59

Sutfane 1408-79-8 41.899078 6.25E-03 - -- -

ThallIum 7440-28-0 0.00037 5.52E-08 -- 1 -

Unm7440-61-1 0.0054917S7 s.19E-07 3.00E-03 1 2.73E-04 17

Vanadium 7440-62-2 0.0568 2.51E-06 5.00E-03 1 5.00-04 3.0

Zinc 744= 66-6 .. 6676157.773.W.E-01 1 19E0 .1

Total 0.016 00
'EPA Region 3 Regional Soreeing Leo.I tables downloaded tanuary 2010. http://w .epa.gov/reg3hwmd/risk/human/rb-conentatontable/GenercTables/ndex.htm

- = Indicates toxiclty criteria not available to quantify ontamnant's nenncer haard via this exposure route.

EPA S4O/i-.9/002skAsses.mentoGuidanfefrruperfvnd Vlvme: HvmanHeotEvalvatdn Manul(PrdtA).

COPC = contaminant of potential concern.

HQ = hazard quotient.

Cancer risk calculation

200-PO-Groundwater Operable Unit Cw CDI (carcinogen) CSF GIABS' Risk %

Rver Eposure Area Nonradloactios COPC CAS e (mg/L) (mg/kg-day) (mg/kg-day) (unitess) (unitless) Contribution

Aceton. 67-64I-1 .W - 1I
Arsenic 7440-38-2 0.005767892 9.69E-07 1.50E+00 0 0.4SE-06 74

um7440-39-3 0.049451657 8.31E-06 0.07
Carbon tetrachloride 56-23-5 0.00028 2.34-0 0.30E-0 1 3.04E-07 06
Chloride 06887-00-6 12.545114 2-11-0 - 1 -

Chloroform 67-66-3 0.0023 6.55E-06 3.10E-02 1 2.03E-07 10.3

Cnromium 7440-47-3 0.0141 2.37E-06 - 0.013 -

Copper 7440-50-8 0.00597989 i.00E-06 I -
Fluoride 1698448-8 0.30621978 5.15E-05 1 -

Iron 7439-19-6 0.61057915 1.03E-N -I

Lead 7439-92-1 0.000669667 0.02E-08 1 -

Manganese 7439-96-5 0.040717647 6.84E-06 0.04 -
Nickel 7440-02-0 0.0056 1.88E-07 0.04
Nitrate 14797-55-8 28.952 4-87E-03 I -
Nitrite 14797-65-0 046 7.73E-05 - I -
Stront'um 7440-24-6 0.38963943 6.55E-05 - 1 -
Sulfate 14808-79-8 41.899078 7.04E-03
Thallium 7440-28-0 0.00037 6.22E-08 - I
Uranium 7440-61-1 0.005491757 9.23E-07 - 0
Vanadium 7440-62-2 0.0168 2.82E-06 1 -

Zine 7440-66-6 .006670i6i 6.79E-07 - 1

Totat ELCR 0966-06 00
* EPA Region 3 Regional Screening Lese' tables downloaded January 2010. htp://www.epa.gov/rg3hwmd/nsk/human/rb-concentnation table/GenerIcTables/Index.htm
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DA

Cw PA' K B Tb .noncancer) DA(cancer)

(mg/tm2- (mg/cm'-
ContamnantotPotentialConcern CAS# (mg/L) inorgarc/organic (untl.ess) (m/hour) (un/less) (hours/event) (hours) evens) event)

Acetone' 67-61-1 0.0011 -- 0.04512 - -

Arseniv 7440-38-2 0.005767892 INORGANIC - 0.00 -3 -- -- 3.35E-0 3.55E-o9

Barium 7440-39-3 0.049451657 iNORGANIC -- 0.001 -- - - 2.87E 3.0SE48
Carbon tetrachloide 56-23-5 0.00028 0 0.016 0.1 0.78 0186 8.33E-09 SE-09

Chloride 16887-00-A 12.545114 INORGANIC -- 0.00 -- - -- 7.25E-06 7.73E-06
Chloroform 67-66-3 0.0023 - 1 0.0065 0 0.5 1.19 2.33E-08 2.40E-08
Chromium 7440-47-3 0.0141 INORGANIC -- 0.00 -- - -- 8.18E- 8.69E-09
Copper 7440-50-8 0.00597989 INORGANIC - 0.00 -3 - - 9.47E-09 3.68E-09
Fluor'd 16984-48-8 0.30621978 INORGANIC - 0.001 -7 - - .70E-07 0.89E-07
Iron 7439-89-A 0.61057915 INORGANIC 0.000 - - 3.54E-07 3.76E-07
Lead 7439-92-1 0.000663667 INORGANIC 0.0001 - - 3.85E-11 4.09E-11
Manganese 7439-96-5 0.040717647 INORGANIC 0.001 2.36E-08 2.51E-08
Nickel 7443-02-1 O.0W56 INORGANIC- 0.)W2--- 6.50E-10 6.9NE-10
Nitrate 14797-55-8 28.952 INORGANIC 0.001 - 1.68E-S 1.78E-05
Nitrte 14797-65-0 0.46 INORGANIC - .00 -- 2.67E-)7 2.83E-07
Strontium 7440-24-6 0.38963943 INORGANICo 0.000 2.26E-07 2.40E-07

Sulfate 14808-79-8 41.899078 INORGANIC 0.001 - -- -. 2.43E-05 2.58E-05
Thallium 7440-28-0 0.00037 INORGANIC - 0.001 - - - 2.15E-10 2.28E-10
Uranium 7440-61-1 0.005491757 INORGANIC 0.001 -- -- 3.19E-09 3.38E-9
Vanadium 7440-62-2 0.0168 INORGANIC 0.00 -- - 9.74E-0 .03E-O8
Zinc 7440-66-6 0.006671161 INORGANIC - 0.0006 - - -- 2.32E-09 2.47E-9

U.S. EPA 2004. Risk Assessment Guidance forSuperfund Volume v: Human Health Evaluation Manual (Part E, Supplemental Guidance for Denral Risk Assesment)
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-- = Indicates toxicity vritera not available to quantify Vcontaminant's cancer risk via this exposue mute.
EPA 540/1-89/002 Risk Ass.ement GvidnceforSuperund Volume I: Human Health Evolvotion Manual(Part A).

COPC -contaminant of patentIal conem.

ELCR =-excesslifetimecancerritk.
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200-PO-lgroundwater operable unit Native American Risk Assessment (10-Year)--River exposure area -CTUIR

Inhalation of Volatile Radioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value
Factor Symbol Adult Child Unit Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration in drinking water C, contaminant-specific pCi/I ECF-200P1-09-2027

Exposure frequency EF 365 365 days/year Harris et .l, 2004

Exposure duration ED 70 6 years Harris et al, 2004
Inhalation Rate INHa 25 15 m/day Harris, 2008

Exposure time ET 0.58 1 hr/day U.S. EPA, 2004
Age Adjusted Exposure Time ET, hrs

Calculated using the age
adjusted intake factors

0.616 equation
Radiation Age-adjusted inhalation rate INHRAD, 1690 m -yr/day

Calculated using the age
adjusted intake factors
equation

Andelman Volatilization Factor VF 0.5 m
5

/kg U.S. EPA, 1991b

Radiation Inhalation of Volatiles Slope Factor Sf1 Chemical Specific risk/pCi U.S. EPA, 1997
Harris.,5,andB1. Harper,2004.,ExosureScenvrioforCTUIR TditionalSusistence Lifeays.
Ha ris. S., 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.
ECF-200PO1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010
U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). interim Final. Office of Emergency and Remedial Response.
U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).
U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.

Inhalation of Volatile Radioactive Constituents in Groundwater
200-PO-1 Groundwater Operable Unit C. CDI (radiological inhalation) SF, Risk %

River Exposure Area Radioactive COPC CAS # VOC (pCi/L) (PCi) (risk/pCi) (unitess) Contribution
Gross alpha 12587-46-1 -- 2.8 --(b) -- (b)
Gross beta 12587-47-2 -- 22.2 --(b) -- (b)
Strontium-90 10098-97-2 -- 2.60 --(b) 105E-10 --(b)
Technetium-99 14133-76-7 - 115 --(b) 1.41E-11 --(b)
Tritium 10028-17-8 Yes 59,534 4.71E+08 5.62E-14 2.5E-05 100
Total ELCR 2.65E-05 100
' Radiological contaminants considered volatile for the groundwater inhalation pathway are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway
U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.
COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--River exposure area - CTUIR

Ingestion of Radioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Factor Symbol Unit Value Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration in drinking water C contaminant-specific pCi/I ECF-20P01-09-2027

Exposure frequency EF 365 365 days/year Harris et al, 2004

Exposure duration ED 70 6 years Harris et al, 2004

Drinking Water Ingestion Rate IRW 4 1 L/day Harris, 2008

Radiation Age-adjusted drinking water ingestion rate IRW_RADdj 262 L-yr/day

Calculated using the
age adjusted intake
factors equation

Radiation ingestion of Water Slope Factor Sfo Chemical Specific risk/pCi U.S. EPA, 1997

Harris, S, and B. Harper, 2004, Exposure Scenorio for CTUIR Traditional Subsistence Lifeways.

Harris, S., 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.

Ingestion of Radioactive Constituents in Groundwater

200-PO-1 Groundwater Operable Unit Cw )I (radiological ingestic SF0  Risk %

River Exposure Area Radioactive COPC CAS # (pCi/L) (pCi) (risk/pCi) (unitless) Contribution

Gross alpha 12587-46-1 2.8 265,156 -- -

Gross beta 12587-47-2 22.2 2.12E+06 --

Strontium-90 10098-97-2 2.60 2.49E+05 5.59E-11 1.39E-05 4

Technetium-99 14133-76-7 115 1.10E+07 2.75E-12 3.02E-05 9

Tritium 10028-17-8 59,534 5.69E+09 5.07E-14 2.89E-04 86.8

Total ELCR 3.33E-04 100

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1Groundwater Operable Unit Far Field Exposure Area Native American Risk Assessment (10-Year)-Summary of Yakima Nation Drinking Water Exposure Scenario Noncancer Hazard Results for Nonradioactive

COPCs in Groundwater.

COPC ontaminant Concentration in Groundwat VOC? HQ (Inhalation) HQ (Ingestion) HQ (Dermal) Total HI %

C. (mg/L) (unitless) (unitless) (unitless) (unitless) Contribution

(m+p)-Xylene 0.0005 Yes 8.63E-06 1.43E-04 4.65E-05 1.98E-04 0.0069
1,1,1-Trichloroethane 0.001204711 Yes 2.91E-06 3.44E-05 3.28E-06 4.06E-05 0.0014
1,1-Dichloroethane 0.000389235 Yes 6.72E-06 1.11E-04 4.35E-06 1.22E-04 0.0043
1,1-Dichloroethene 0.000164225 Yes 9.92E-06 1.88E-04 1.30E-05 2.11E-04 0.0074
1,2-Dichlorobenzene 0.003 Yes 1.81E-04 1.90E-03 6.23E-04 2.71E-03 0.095
1,2-Dichloroethane 0.000305426 Yes 1.54E-06 8.73E-04 2.14E-05 8.96E-04 0.031
1,4-Dichlorobenzene 0.000130994 Yes 1.98E-06 1.07E-04 3.58E-05 1.45E-04 0.0051
1,4-Dioxane 0.0081 --(b) 4.63E-03 8.31E-06 4.64E-03 0.16
2-Butanone 0.0029 Yes 7.01E-06 2.76E-04 1.31E-06 2.85E-04 0.0100
2-Pentanone, 4-Methyl 0.00064 Yes 2.58E-06 4.57E-04 7.30E-06 4.67E-04 0.016
Acetone 0.00128316 Yes 5.00E-07 8.15E-05 - 8.20E-05 0.0029
Aluminum 0.041755539 - --(b) 2.39E-03 6.23E-06 2.39E-03 0.084
Arsenic 0.003060574 - --(b) 5.83E-01 1.52E-03 5.84E-01 20
Barium 0.068082679 - --(b) 1.95E-02 7.25E-04 2.02E-02 0.71
Benzene 0.0019 Yes 7.65E-04 2.71E-02 2.08E-03 3.00E-02 1.05
Benzyl alcohol 0.0027 - -- (b) 1.54E-03 - 1.54E-03 0.054
Beryllium 0.000360659 - -- (b) 1.03E-02 3.84E-03 1.41E-02 0.50

Bis(2-ethylhexyl) phthalate 0.001271216 - -- (b) 3.63E-03 2.81E-03 6.44E-03 0.23
Cadmium 0.0045 - --(b) 5.14E-01 2.68E-02 5.41E-01 19
Carbon disulfide 0.00039 Yes 6.73E-06 2.23E-04 1.97E-05 2.49E-04 0.0087
Carbon tetrachloride 0.000164414 Yes 1.05E-05 1.34E-02 1.80E-03 1.52E-02 0.53
Chloride 9.821328 -- -- (b) -
Chlorobenzene 0.00041 Yes 9.91E-05 1.17E-03 2.11E-04 1.48E-03 0.052
Chloroform 0.00022061 Yes 2.72E-05 1.26E-03 5.74E-05 1.35E-03 0.047
Chromium 0.007505402 -- -- (b) 2.86E-04 5.74E-05 3.43E-04 0.012

cis-1,2-Dichloroethylene 0.0002 Yes - 1.14E-03 5.07E-05 1.19E-03 0.042
Copper 0.002993571 - -- (b) 4.28E-03 1.12E-05 4.29E-03 0.15
Fluoride 0.32861624 - -- (b) 3.13E-01 8.17E-04 3.14E-01 11.0
Iron 0.47301923 - -- (b) 3.86E-02 1.01E-04 3.87E-02 1.4

Lead 0.000710361 -- --(b) - - -

Lithium 0.0083 - -- (b) 2.37E-01 6.19E-04 2.38E-01 8.3
Manganese 0.011254937 - -- (b) 2.68E-02 1.75E-03 2.85E-02 1.00
Methanol 1.1 - --(b) 1.26E-01 1.63E-04 1.26E-01 4.4

Methylene chloride 0.000852962 Yes 1.03E-05 8.12E-04 1.52E-05 8.38E-04 0.029
Molybdenum 0.0015 - -- (b) 1.71E-02 4.47E-05 1.72E-02 0.60
Nickel 0.003603478 -- (b) 1.03E-02 1.34E-04 1.04E-02 0.37
Nitrate 23.756902 - -- (b) 1.91E-01 4.99E-04 1.92E-01 6.7
Nitrite 0.079227256 -- -- (b) 1.51E-02 3.94E-05 1.51E-02 0.53
o-Xylene 0.000210551 Yes 3.63E-06 6.02E-05 1.99E-05 8.37E-05 0.0029
Silver 0.005341496 - -- (b) 6.10E-02 2.39E-03 6.34E-02 2.2

Strontium 0.36357229 - -- (b) 3.46E-02 9.04E-05 3.47E-02 1.2

Sulfate 45.069738 - -- (b) - --

Tetrachloroethene 0.000993146 Yes 4.44E-05 5.68E-03 1.69E-03 7.41E-03 0.26
Toluene 0.000274725 Yes 6.64E-07 1.96E-04 3.41E-05 2.31E-04 0.0081
Tributyl phosphate 0.040836371 -- -- (b) 1.17E-02 1.17E-02 0.41

Trichloroethene 0.000492361 Yes 1.70E-04 - 1.70E-04 0.0060
Trichoromonofluoromethan

e 0.00058 Yes 1.00E-05 1.10E-04 1.08E-05 1.31E-04 0.0046

Uranium 0.01625113 - -- (b) 3.10E-01 8.08E-04 3.10E-01 11
Vanadium 0.013487657 - --(b) 1.54E-01 4.02E-04 1.55E-01 5.4

Vinyl chloride 0.0018 Yes 2.18E-04 3.43E-02 9.16E-04 3.54E-02 1.2

Zinc 0.10896358 -- I -- (b) 2.08E-02 3.25E-05 2.08E-02 0.73

Total 1.59E-03 2.80 0.05 2.85 100
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.
HQ = hazard quotient.
HI = hazard index.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

200-PO-1 Groundwater Operable Unit Far Field Exposure Area Native American Risk Assessment (10-Year)-Summary of Yakima Nation Drinking Water Exposure Scenario Cancer Risk Results for Nonradioactive COPCs

in Groundwater.

COPC ontaminant Concentration in Groundwat. VOC? Risk (Inhalation) Risk (Ingestion) Risk (Dermal) Total Risk %

C. (mg/L) (unitless) (unitless) (unitless) (unitless) Contribution

(m+p)-Xylene 0.0005 Yes - - - --

1,1,1-Trichloroethane 0.001204711 Yes - - -

1,1-Dichloroethane 0.000389235 Yes - -

1,1-Dichloroethene 0.000164225 Yes -

1,2-Dichlorobenzene 0.003 Yes - - --

1,2-Dichloroethane 0.000305426 Yes 9.60E-08 1.75E-06 4.22E-08 1.89E-06 0.41

1,4-Dichlorobenzene 0.000130994 Yes 1.74E-08 4.45E-08 1.47E-08 7.66E-08 0.017

1,4-Dioxane 0.0081 - - .61E-06 9.91E-09 5.62E-06 1.2

2-Butanone 0.0029 Yes -- - -

2-Pentanone, 4-Methyl 0.00064 Yes - - -

Acetone 0.00128316 Yes - - --

Aluminum 0.041755539 - - - -

Arsenic 0.003060574 - - 2.89E-04 7.65E-07 2.90E-04 63
Barium 0.068082679 -- -

Benzene 0.0019 Yes 1.79E-07 6.58E-06 4.95E-07 7.25E-06 1.6
Benzyl alcohol 0.0027 - - - -

Beryllium 0.000360659 -- - -

Bis(2-ethylhexyl) phthalate 0.001271216 - 1.12E-06 8.52E-07 1.97E-06 0.43
Cadmium 0.0045 - - - -

Carbon disulfide 0.00039 Yes - -- - -

Carbon tetrachloride 0.000164414 Yes 2.98E-08 1.35E-06 1.77E-07 1.55E-06 0.34

Chloride 9.821328 - - - -

Chlorobenzene 0.00041 Yes - - -

Chloroform 0.00022061 Yes 6.13E-08 4.31E-07 1.93E-08 5.11E-07 0.11
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Chromium 0.007505402 - -

cis-1,2-Dichloroethylene 0.0002 Yes -

Copper 0.002993571 - - - -

Fluoride 0.32861624 - - - -

Iron 0.47301923 - - - -

Lead 0.000710361 - - - -

Lithium 0.0083 - - - -

Manganese 0.011254937 - -

Methanol 1.1 - - -

Methylene chloride 0.000852962 Yes 4.84E-09 4.03E-07 7.43E-09 4.15E-07 0.090
Molybdenum 0.0015 - - - -

Nickel 0.003603478 - - - -

Nitrate 23.756902 - - - -

Nitrite 0.079227256 - - -

o-Xylene 0.000210551 Yes - - - -

Silver 0.005341496 - - - -

Strontium 0.36357229 - -

Sulfate 45.069738 - - - -

Tetrachloroethene 0.000993146 Yes 7.08E-08 3.38E-05 9.91E-06 4.37E-05 9.4
Toluene 0.000274725 Yes -- - -

Tributyl phosphate 0.040836371 - 2.37E-05 2.37E-05 5.1
Trichloroethene 0.000492361 Yes 1.49E-07 2.76E-06 2.35E-07 3.14E-06 0.68
Trichloromonofluoromethan
e 0.00058 Yes - - -

Uranium 0.01625113-- -

Vanadium 0.013487657 -- - -

Vinyl chloride 0.0018 Yes 9.57E-08 8.16E-05 2.15E-06 8.38E-05 18
Zinc 0.10896358 - - - -

Total ELCR 7.04E-07 4.48E-04 1.47E-05 4.63E-04 100
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
ELCR = excess lifetime cancer risk.

200-PO-1 Groundwater Operable Unit Far Field Exposure Area Native American Risk Assessment (10-Year)-Summary of Yakima Nation Drinking Water Exposure Scenario Cancer Risk

Results for Radioactive COPCs in Groundwater.

COPC ontaminant Concentration in Groundwat Volatile?" Risk (Inhalation) Risk (Ingestion) Total Risk %
C, (pCi/L) ._(unitless) (unitless) (unitless) Contribution

Carbon-14 15.2 - --(b) 2.30E-06 2.30E-06 0.084
Gross alpha 5.9880167 -- (b) -

Gross beta 26.717649 - -- (b) - -

lodine-129 1.7529182 --(b) 2.54E-05 2.54E-05 0.92
Nickel-63 7.66125 - --(b) 5.02E-07 5.02E-07 0.018
Protactinium-231 0.308 - --(b) 5.21E-06 5.21E-06 0.19
Strontium-90 0.611 --(b) 3.34E-06 3.34E-06 0.12
Technetium-99 75.671084 - --(b) 2.04E-05 2.04E-05 0.74
Tritium 497899.63 Yes 2.31E-04 2.47E-03 2.70E-03 98
Total ELCR 2.31E-04 2.53E-03 2.76E-03 100
' Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
ELCR = excess lifetime cancer risk.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area - Yakima Nation

Ingestion of Nonradioactive Compounds in Drinking Water -Yakima Nation

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

Ingestion Chronic Daily Intake CDI calculated mg/kg-day EPA 1989

Contaminant concentration in Drinking Water Cw contaminant-specific mg/L ECF-200P01-09-2027

Average Body Weight BW 70 14 kg Ridolfi, 2007

Drinking Water Ingestion Rate IRW 4 2 Liters/day Ridolfi, 2007

Calculated using the age
adjusted intake factors

Age-Adjusted Drinking Water Ingestion Rate IRWadj 4.407 L-yr/kg-day equation

Exposure Frequency EF 365 days/yr Ridolfi, 2007

Exposure Duration ED 70 6 yr Ridulfi, 2007

Averaging time AT 70 -- yr Ridolfi, 2007

RfDo Oral Reference Dose Chemical Specific mg/kg-day EPA 2009

CSFO Oral Cancer Slope Factor Chemical Specific (mg/kg-day)
t  

EPA 2009

CF2 Conversion Factor 365 days/year EPA 1989

Ridolfi 2007, Yakama Ntion Exposure Scenario for Hanford Site Risk Assessment.

ECF-20P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA, 2009 EPA Region Ill Regional Screening Level downloaded December 2009. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cw CDI (noncarcinogen) RfD HQ %

Far Field Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution
(m+p)-Xylene 179601-23-1 0.0005 2.86E-05 2.OSE-01 1.43E-04 0.0051
1,1,1-Trichloroethane 71-55-6 0.001204711 6.88E-05 2.SOE+00 3.44E-05 0.0012
1,1-Dichloroethane 75-34-3 0.000389235 2.22E-05 2.00E-01 1.11E-04 0.0040
1,1-Dichloroethene 75-35-4 0.000164225 9.38E-06 5.OE-02 1.88E-04 0.0067
1,2-Dichlorobenzene 95-50-1 0.003 1.71E-04 9.SSE-02 1.90E-03 0.068
1,2-Dichloroethane 107-06-2 0.000305426 1.75E-05 2.OSE-02 8.73E-04 0.031
1,4-Dichlorobenzene 106-46-7 0.000130994 7.49E-06 7.OOE-02 1.07E-04 0.0038
1,4-Dioxane 123-91-1 0.0081 4.63E-04 1.OE-01 4.63E-03 0.17
2-Butanone 78-93-3 0.0029 1.6E-04 6.00E-01 2.76E-04 0.0099
2-Pentanone, 4-Methyl 108-10-1 0.00064 3.66E-05 8.OSE-02 4.57E-04 0.016
Acetone 67-64-1 0.00128316 7.33E-05 9.00E-01 8.15E-05 0.0029
Aluminum 7429-90-5 0.041755539 2.39E-03 1.OE+00 2.39E-03 0.085
Arsenic 7440-38-2 0.003060574 1.75E-04 3.0SE-04 5.83E-01 21
Barium 7440-39-3 0.068082679 3.89E-03 2.00E-01 1.95E-02 0.69
Benzene 71-43-2 0.0019 1.09E-04 4.00E-03 2.71E-02 0.97
Benzyl alcohol 100-51-6 0.0027 1.54E-04 1.00E-01 1.54E-03 0.055
Beryllium 7440-41-7 0.000360659 2.06E-05 2.00E-03 1.03E-02 0.37
Bis(2-ethyihexyl) phthalate 117-81-7 0.001271216 7.26E-05 2.0SE-02 3.63E-03 0.13
Cadmium 7440-43-9 0.0045 2.57E-04 5.SOE-04 5.14E-01 18
Carbon disulfide 75-15-0 0.00039 2.23E-05 1.00E-01 2.23E-04 0.0080
Carbon tetrachloride 56-23-5 0.000164414 9.40E-06 7.00E-04 1.34E-02 0.48
Chloride 16887-00-6 9.821328 5.61E-01 -- --

Chlorobenzene 108-90-7 0.00041 2.34E-05 2.SOE-02 1.17E-03 0.042
Chloroform 67-66-3 0.00022061 1.26E-05 1.00E-02 1.26E-03 0.045
Chromium 7440-47-3 0.007505402 4.29E-04 1.50E+00 2.86E-04 0.010
cis-1,2-Dichloroethylene 156-59-2 0.0002 1.14E-05 1.S0E-02 1.14E-03 0.041
Copper 7440-50-8 0.002993571 1.71E-04 4.0E-02 4.28E-03 0.15
Fluoride 16984-48-8 0.32861624 1.88E-02 5.00E-02 3.13E-01 11
Iron 7439-89-6 0.47301923 2.70E-02 7.00E-01 3.86E-02 1.4
Lead 7439-92-1 0.000710361 4.06E-05 -- --

Lithium 7439-93-2 0.0083 4.74E-G4 2.00E-03 2.37E-01 8.5
Manganese 7439-96-5 0.011254937 6.43E-04 2.40E-02 2.68E-02 0.96
Methanol 67-56-1 1.1 6.29E-02 5.00E-01 1.26E-01 4.5
Methylene chloride 75-09-2 0.000852962 4.87E-05 6.0SE-02 8.12E-04 0.029
Molybdenum 7439-98-7 0.0015 8.57E-05 5.0E-03 1.71E-02 0.61
Nickel 7440-02-0 0.003603478 2.06E-04 2.SOE-02 1.03E-02 0.37
Nitrate 14797-55-8 23.756902 1.36E+00 7.10E+00 1.91E-01 6.8
Nitrite 14797-65-0 0.079227256 4.53E-03 3.00E-01 1.51E-02 0.54
o-Xylene 95-47-6 0.000210551 1.20E-05 2.00E-01 6.02E-05 0.0021
Silver 7440-22-4 0.005341496 3.05E-04 5.00E-03 6.10E-02 2.2
Strontium 7440-24-6 0.36357229 2.08E-02 6.00E-01 3.46E-02 1.2
Sulfate 14808-79-8 45.069738 2.58E+00 -- --

Tetrachloroethene 127-18-4 0.000993146 5.68E-05 1.0E-02 5.68E-03 0.20
Toluene 108-88-3 0.000274725 1.57E-05 8.00E-02 1.96E-04 0.0070
Tributyl phosphate 126-73-8 0.040836371 2.33E-03 2.00E-01 1.17E-02 0.42
Trichloroethene 79-01-6 0.000492361 2.81E-05 -- --

Trichloromonoluoromethane 75-69-4 0.00058 3.31E-05 3.00E-01 1.10E-04 0.0039
Uranium 7440-61-1 0.01625113 9.29E-04 3.00E-03 3.10E-01 11
Vanadium 7440-62-2 0.013487657 7.71E-04 5.00E-03 1.54E-01 5.5

Vinyl chloride' 75-01-4 0.0018 1.03E-04 3.OOE-03 3.43E-02 1.2
Zinc 7440-66-6 0.10896358 6.23E-03 3.00E-01 2.08E-02 0.74

Total 1 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

bFor the purposed of this exercise, the mutagenic exposure equations where not used for vinyl chloride

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume!1: Human Health Evaluation Manual (Part A).

COPC = contaminant of potential concern.

HQ = hazard quotient.

Cancer risk calculation

200-PO-1 Groundwater Operable Unitr C CDI (carcinogen) CSF f Risk

Far Field Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-dayj' (unitess) Contribution
(m+p)-Xylene

1,1,1-TrichIoroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichlorobenzene
1,2-Dichloroethane
1,4-Dichlorobenzene

179601-23-1
71-55-6
75-34-3
75-35-4
95-50-1

107-06-2
106-46-7

0.00005
0.001204711
0.000389235
0.000164225

0.003
0.000305426
0.000130994

3.15E-05
7.58E-05
2.45E-05
1.03E-05
1.89E-04
1.92E-05
8.25k-06

9.10E-02
5.40E-03

1.75E-06
4.45E-08

0.39
0.0099
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1,4-Dioxane 123-91-1 0.0081 5.10E-04 1.10E-02 5.61E-06 1.3
2-Butanone 78-93-3 0.0029 1.83E-04 -- --

2-Pentanone, 4-Methyl 108-10-1 0.00064 4.03E-05 --

Acetone 67-64-1 0.00128316 8.08E-05 -- --

Aluminum 7429-90-5 0.041755539 2.63E-03 -- --

Arsenic 7440-38-2 0.003060574 1.93E-04 1.50E+00 2.89E-04 65
Barium 7440-39-3 0.068082679 4.29E-03 - -

Benzene 71-43-2 0.0019 1.20E-04 5.50E-02 6.58E-06 1.5
Benzyl alcohol 100-51-6 0.0027 1.70E-04 -- --

Beryllium 7440-41-7 0.000360659 2.27E-05 -

Bis(2-ethylhexyl) phthalate 117-81-7 0.001271216 8.00E-05 1.40E-02 1.12E-06 0.25
Cadmium 7440-43-9 0.0045 2.83E-04 -

Carbon disulfide 75-15-0 0.00039 2.46E-05 - --

Carbon tetrachloride 56-23-5 0.000164414 1.04E-05 1.30E-01 1.35E-06 0.30

Chloride 16887-00-6 9.821328 6.18E-01 -- --

Chlorobenzene 108-90-7 0.00041 2.58E-05 --

Chloroform 67-66-3 0.00022061 1.39E-05 3.10E-02 4.31E-07 0.096
Chromium 7440-47-3 0.007505402 4.73E-04 - -

cis-1,2-Dichloroethylene 156-59-2 0.0002 1.26E-05 -- --

Copper 7440-50-8 0.002993571 1.88E-04 -- --

Fluoride 16984-48-8 0.32861624 2.07E-02 - -

Iron 7439-89-6 0.47301923 2.98E-02 -

Lead 7439-92-1 0.000710361 4.47E-05 -

Lithium 7439-93-2 0.0083 5.23E-04 - -

Manganese 7439-96-5 0.011254937 7.09E-04 -- --

Methanol 67-56-1 1.1 6.93E-02 -- -

Methylene chloride 75-09-2 0.000852962 5.37E-05 7.50E-03 4.03E-07 0.090

Molybdenum 7439-98-7 0.0015 9.44E-05 -

Nickel 7440-02-0 0,003603478 2.27E-04 -

Nitrate 14797-55-8 23.756902 1.50E+00 -

Nitrite 14797-65-0 0.079227256 4.99E-03 -

o-Xylene 95-47-6 0.000210551 1.33E-05 -

Silver 7440-22-4 0.005341496 3.36E-04 -

Strontium 7440-24-6 0.36357229 2.29E-02 - -

Sulfate 14808-79-8 45.069738 2.84E+00 - --

Tetrachloroethene 127-18-4 0.000993146 6.25E-05 5.40E-01 3.38E-05 7.5
Toluene 108-88-3 0.000274725 1.73E-05 -

Tributyl phosphate 126-73-8 0.040836371 2.57E-03 9.20E-03 2.37E-05 5.3

Trichloroethene 79-01-6 0.000492361 3.10E-05 8.90E-02 2.76E-06 0.62

Trichloromonofluoromethane 75-69-4 0.00058 3.651-0 - -

Uranium 7440-61-1 0.01625113 1.02E-03 -

Vanadium 7440-62-2 0.013487657 8.49E-04 -- -

Vinyl chloride 75-01-4 0.0018 1.13E-04 7.20E-01 8.16E-05 18
Zinc 7440-66-6 0.10896358 6.86E-03 - -

Total ELCR 4.48E-04 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

For the purposed of this exercise, the mutagenic exposure equations where not used for vinyl chloride

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidancefor Superfund Volume: Human Health Evaluation Manual (Part A).

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area - Yakima Nation

Inhalation of Volatile Nonradioactive Compounds in Drinking Water - Yakima Nation

intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

EPA 2009b

mg/m
3 

for noncarcinogens,

Inhalation Chronic Daily Intake CDI calculated pg/m
3 

for carcinogens

Contaminant concentration in drinking water C, contaminant-specific mg/L ECF-200P01-09-2027

Exposure Time ET 0.580 -- hours/day U.S. EPA, 2004

Exposure Frequency EF 365 days/yr Ridolfi, 2007

Exposure Duration ED 70 -- yr Ridolfi, 2007

Averaging Time AT 70 -- yr Ridolfi, 2007
Andelman Volatilization Factor VF 0.5 m/kg U.S. EPA, 1991

Inhalation Reference Concentration RfC, Chemical Specific mg/m
3  

EPA 2009a

Inhalation Unit Risk IUR Chemical Specific (pg/n
3
) EPA 2009a

Conversion Factor CF1 365 days/year EPA 2009b

Conversion Factor CF2 0.042 day/24 hours EPA 2009b

Ridolfi 2007, Yakamo Notion Exposure Scenariofor Hanford Site Risk Assessment.

ECF-200P1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-10Operable Unit. CHPRC 2010

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

U.S. EPA, 2009a EPA Region II Regional Screening Level downloaded December 2009. http://ww.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

U.S. EPA 2009b. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit Cw CDI (noncarcinogen) RfC HQ %

Far Field Exposure Area Nonradioactive COPC CAS R Volatile' (mg/L) (mg/m) (mg/n) (unitiess) Contribution
(mop)-Xylene 179601-23-1 Yes 0.0005 6.04E-06 7.OOE-01 8.63E-06 0.54
1,1,1-Trichloroethane 71-55-6 Yes 0.001204711 1.46E-05 5.00E+00 2.91E-06 0.18
1,1-Dichloroethane 7534-3 Yes 00389239 4.70E-06 7.SOE-01 6.72E-06 0.42
1,1-Dichloroethene 75-35-4 Yes 0.000164225 1.98E-06 2.00E-01 9.92E-06 0.62
1,2-Dichlorobenzene 95-50-1 Yes 0.003 3.63E-05 2.00E-01 1.81E-04 11
1,2-Dichloroethane 107-06-2 Yes 0.000305426 3.69E-06 2.40E+00 1.54E-06 0.097
1,4-Dichorobenzene 106-46-7 Yes 0.000130994 1.58E-06 8.00E01 1.98E-06 0.12
1,4-Dioxane 123-91-1 -- 0.0081 --(b) 3.60E+00 --(b)
2-Btanone 78-93-3 Yes 0.0029 3.50E-05 5.OE+00 7.01E-06 0.44
2-Pentanone, 4-Methyl 108-10-1 Yes 0.00064 7.73E-06 3.OOE+00 2.58E-06 0.16
Acetone 67-64-1 Yes 0.00128316 1.55E-05 3.10E+01 5.00E-07 0.031
Aluminum 7429-90-5 -- 0.041755539 --(b) 5.OOE-03 -- (b)
Arsenic 7440-38-2 -- 0.003060574 --(b) 1.50E-05 -- (b)
Barium 7440-39-3 0.068082679 --(b) 5.OE-04 --(b)
Benzene 71-43-2 Yes 0.0019 2.30E-05 3.00E-02 7.65E-04 48
Benzyl alcohol 100-51-6 -- 0.0027 -- b) - -- (k)

Beryllium 7440-41-7 -- 0.000360659 -- (b) 2.OOE-05
BisL2-ethylhexyl) phthalate 117-81-7 -- 0.001271216 -- ) -- b)
Cadmium 7440-43-9 0.0045 -- (b) 1.00E-05 --(b)
Carbon disulfide 75-15-0 Yes 0.00039 4.71E-06 7.OOE-01 6.73E-06 0.42
Carbon tetrachloride 56-23-S Yes 0.000164414 1.99E-06 1.90E-01 1.05E-05 0.66
Chloride 16887-00-6 9.821328 --(b) -- --(b)
Chlorobenzene 108-90-7 Yes 0.00041 4.95E-06 9.0SF-02 9.91E-05 6.2
Chloroform 67-66-3 Yes 0.00022061 2.67E-06 9.80E-02 2.72E-05 1.7
Chromium 7440-47-3 -- 0.007505402 --(b) -- (b)
cis-1,2-Dichloroethylene 156-59-2 Yes 0.0002 2.42E-06 -- --

Copper 7440-50-8 -- 0.002993571 --(b) -- (b)
Fluoride 16984-48-8 -- 0.32861624 --(b) 1.30E-02 -- (b)
Iron 7439-89-6 -- 0.47301923 --(b) -- (b)
Lead 7439-92-1 -- 0.000710361 --(b) -- (b)
Lithium 7439-93-2 -- 0.0083 --(b) -- (b)
Manganese 7439-96-5 -- 0.011254937 --(b) 5.00E-05 --(b)
Methanol 67-56-1 -- 1.1 --(b) 4.00E+00 -- (b)
Methylene chloride 75-09-2 Yes 0.000852962 1.03E-05 1.00E+00 1.03E-05 0.65
Molybdenum 7439-98-7 -- 0.0015 --(b) -- (b)

Nickel 7440-02-0 -- 0.003603478 --(b) 9.00E-05 -- (b)
Nitrate 14797-55-8 -- 23.756902 --(b) -- (b)
Nitrite 14797-65-0 -- 0.079227256 --(b) -- (b)
o-Xylene 95-47-6 Yes 0.000210551 2.94E-06 7.00E-01 3.63E-06 0.23
Silver 7440-22-4 -- 0.005341496 --(b) -- (b)

Strontium 7440-24-6 -- 0.36357229 --(b) -- -(b)
Sulfate 14808-79-8 45.069738 --(b) -- (b)
Tetrachloroethene 127-18-4 Yes 0.000993146 1.20E-05 2.70E-01 4.44E-05 2.8
Toluene 108-88-3 Yes 0.000274725 3.32E-06 5.00E00 6.64E-07 0.042
Tributyl phosphate 126-73-8 -- 0.040836371 --(b) -- (b)
Trichloroethene 79-01-6 Yes 0.000492361 5.95E-06 3.50E-02 1.70E-04 11
Trichloromonoluoromethane 75-69-4 Yes 0.00058 7.01E-06 7.00E-01 1.00E-05 0.63
Uranium 7440-61-1 -- 0.01625113 --(b) 3.OE-04 -- (b)
Vanadium 7440-62-2 0.013487657 --(b) --(b)

Vinyl chloride' 75-01-4 Yes 0.0018 2.18E-05 1.00E-01 2.18E-04 14
Zinc 7440-66-6 -- 0.10896358 --(b) -- -- (b

Total 0.09E-03 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm
b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

For the purposed of this exercise, the mutagenic exposure equations where not used for vinyl chloride

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

HQ = hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

Cancer risk calculation

(m+p)-Xylene
1,1,1-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichlorobenzene
1,2-Dichloroethane
1,4-Dichlorobenzene

1,4-Dioxane
2-Butanone
2-Pentanone, 4-Methyl
Acetone
Aluminum
Arsenic
Barium
Benzene
Benzyl alcohol
Beryllium

200-PO-1 Groundwater Operable Unit Cw CDI (carcinogen) IUR Risk %

Far Field Exposure Area Nonradioactive COPC CAS # Volatil' (mLpg/L)) (pg/mn)' (unitless) Contribution

179601-23-1
71-55-6
75-34-3
75-35-4
95-50-1
107-06-2

106-46-7
123-91-1
78-93-3
108-10-1

67-64-1
7429-90-5
7440-38-2
7440-39-3

71-43-2
100-51-6

7440-41-7

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes

0.001204711
0.000389235
0.000164225

0.003
0.000305426
0.000130994

0.0081
0.0029

0.00064
0.00128316
0.041755539
0.003060574
0.068082679

0.0019
0.0027

0.000360659

6.04E-03
1.46E-02
4.70E-03
1.98E-03
3.63E-02
3.69E-03
1.58E-03

--(b)
3.50E-02
7.73E-03
1.55E -02

--(h)0

--(bhI

2.30E-02

--(h)I
--(b)I

2.60E-05
1.10E-05
7.70E-06

4.30E-03

7.80E-06

2.40E-03

9.60E-08
1.74E-08

1 .7 9E-07

3.54E-10
2.76E-11

411-O-
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ECF-200P01-09-2115 REV. 2

Bis(2-ethylhexyl) phthalate
Cadmium
Carbon disulfide
Carbon tetrachloride
Chloride
Chorobeneene
Chloroform
Chromium
cis-1,2-Dichloroethylene
Copper

Fluoride

Iron
Lead
Lithium
Manganese
Methanol
Methylene chloride
Molybdenum
Nickel
Nitrate
Nitrite
o-Xylene
Silver
Strontium
Sulfate
Tetrachloroethene
Toluene
Tributyl phosphate
Trichloroethene
Trichloromonofluoromethane

Uranium
Vanadium

Vinyl chloride'
Zinc

117-81-7
7440-43-9

75-15-0
56-23-5

16887-00-6

108-90-7
67-66-3

7440-47-3
156-59-2

7440-50-8
16984-48-8
7439-89-6
7439-92-1
7439-93-2
7439-96-5

67-56-1
75-09-2

7439-9-7
7440-02-0
14797-55-8
14797-65-0

95-47-6
7440-22-4
7440-24-6
14808-79-8

127-18-4
108-88-3
126-73-8
79-01-6
75-69-4

7440-61-1
7440-62-2

75-01-4
7440-66-6

Yes
Yes

Yes
Yes

Yes

Yes

Yo-

e-
-s

es
es

Yes

0.001271216
0.0045
0.00039

0.000164414
9.821328

0.00041
0.00022061
0.007505402

0.0002
0.002993571
0.32861624
0.47301923

0.000710361
0.0083

0.011254937
1.1

0.000852962
0.0015

0.003603478
23.756902

0.079227256
0.000210551
0.005341496
0.36357229
45.069738

0.000993146
0.000274725
0.040836371
0.000492361

0.00058
0.01625113
0.013487657

0.0018
0.10896358

--(h)i
--(b)i

4.71E-03
1.99E-03

--(b)
4.95E-03
2.67E-03

--(b)
2.42E-03

--(b)

--(b)i
--(b)i
--(bhi

--(b)
-- (b)

-- (b)

1.03E-02
--(bhi

--(bh

--(b)

5.95E-03
--(b)

7.O2E -03

2.00E-02

2.40E-06
1.80E-03

1.50E-05

2.30E-05

4.70E-07

2.6SF-04

5.90E-06

2.500-IS

4.40E-06

2.98E-08 5.92E-11

6.13E-08 1.63E-10

4.84E-09 I 4.99E-11

7.08E-08 8.50E-10

1.49E-07 8.85E-10

9.57E-08 2.08E-09
-

Total ELCR 7.04E-07 0
EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

For the purposed of this exercise, the mutagenic exposure equations where not used for vinyl chloride

= Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC - semivolatile organic compound.

VOC = volatile organic compound.
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ECF-200PO1-09-2115 REV. 2

200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area - Yakima Nation

Inhalation of Volatile Radioactive Compounds in Drinking Water- Yakima Nation

Intake Parameter Values Value
Factor Symbol Adult Child Unit Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration in drinking water C. contaminant-specific pCi/I ECF-200PO-09-2027

Exposure frequency EF 365 365 days/year Ridolfi, 2007

Exposure duration ED 70 6 years Ridolfi, 2007
Inhalation Rate INH. 2G 16 m/day Ridolfi, 2007
Exposure time ET . . 1 hr/day U.S. EPA, 2004
Age Adjusted Exposure Time ETai hrs

Calculated using the
age adjusted intake

0.616 factors equation
Radiation Age-adjusted inhalation rate INHRADej 1760 m3-yr/day

Calculated using the
age adjusted intake
factors equation

Andelman Volatilization Factor VF 0.5 mr/kg U.S. CPA. S99R
!Radiation Inhalation of Volatiles Slope Factor Sfl Chemical Specific risk/pCi U.S. EPA, ERR7
Ridolfi 2007, Yokama Notion Exposure Scenariofor Hanford Site Risk Assessment .
ECF-250PO1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010
U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.
U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).
U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.
U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

Inhalation of Volatile Radioactive Constituents in Groundwater
200-PO-1 Groundwater Operable Unit C, CDI (radiological inhalation) SF, Risk %

Far Field Exposure Area Radioactive COPC CAS R VOC (pCi/LW (pCi) (risk/pCi) (unitess) Contribution
Carbon-14 14762-75-5 - 15.2 --(b) 7.07E-12 -- (b)
Gross alpha 12587-46-1 - 5.9880167 -- b) -- --(b)

Gross beta 12587-47-2 - 26.717649 --(b) -- --jb)
Ilodine-129 15046-4-1 - 1.7529182 --(b) 6.07E-11 --(b)
Nickel-63 1391-37- 7.66125 -- (b) 1.64E-12 --(b)
Protactinium-231 14331-85-2 - 0.308 --(b) 4.55E-08 --(b)
Strontiumn-90 10098-97-2 - 0.611 --(b) 1.05E-10 -- (b)
Technetium-99 14133-76-7 75.671084 --(b) 1.41E-11-(b)
Tritium 10028-17-8 Yes 497899.63 4.10E+09 5.62E-14 2.31E-04 000
Total ELCR 2.31E- 4 00
' Radiological contaminants considered volatile for the groundwater inhalation pathway are operationally defined as those with a Henry's Law constant greater than 10-S atm-m3/mole and a molecular weight less than 200 g/mole.
U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.
COPC = contaminant of potential concern.
ELCR excess lifetime cancer risk.
VOC = volatile organic compound.
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ECF-200P01-09-2115 REV. 2

200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area - Yakima Nation

Ingestion of Radioactive Compounds in Drinking Water -Yakima Nation

Intake Parameter Values Value
Factor Symbol Unit Value Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration in drinking water C contaminant-specific pCi/I ECF-200P01-09-2027

Exposure frequency EF 365 365 days/year Ridolfi, 2007
Exposure duration ED 70 6 years Ridolfi, 2007
Drinking Water Ingestion Rate IRW 4 2 L/day Ridolfi, 2007
Radiation Age-adjusted drinking water ingestion rate IRW_RADad 268 L-yr/day

Calculated using the
age adjusted intake
factors equation

Radiation Ingestion of Water Slope Factor Sfo Chemical Specific risk/pCi U.S. EPA, 1997
Ridolfi 2007, Yakama Notion Exposure Scenario for Hanford Site Risk Assessment.
ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010
U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.
U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).
U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.
U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

Ingestion of Radioactive Constituents in Groundwater
200-PO-1 Groundwater Operable Unit Cw CDI (radiological ingestion) SF 0  Risk %

Far Field Exposure Area Radioactive COPC CAS # (pCi/L) (pCi (risk/pCi) (unitless) Contribution
Carbon-14 14762-75-5 15.2 1,486,864 1.55E-12 2.30E-06 0.092
Gross alpha 12587-46-1 5.9880167 585,748 - -

Gross beta 12587-47-2 26.717649 2,613,520 - -

lodine-129 15046-84-1 1.7529182 171,470 1.48E-10 2.54E-05 1.0
Nickel-63 13981-37-8 7.66125 749,423 6.70E-13 5.02E-07 0.020
Protactinium-231 14331-85-2 0.308 30,129 1.73E-10 5.21E-06 0.21
Strontium-90 10098-97-2 0.611 59,768 5.59E-11 3.34E-06 0.13
Technetium-99 14133-76-7 75.671084 7.40E+06 2.75E-12 2.04E-05 0.81

ritium 10028-17-8 497899.63 4.87E+10 5.07E-14 2.47E-03 99
Total ELCR 2.50E-03 100
U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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ECF-200P01-09-2115 REV. 2

200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (10-Year)--Summary of Yakima Nation Drinking Water Exposure Scenario Noncancer Hazard Results for Nonradioactive
COPCs in Groundwater.

COPC Contaminant Concentration in Groundwater VOC? HQ (Inhalation) HQ(Ingestion) HQ(Dermal) TotalHi %

C, (mg/L) (unitess) (unitless) (unitless) (unitless) Contribution
1,2,3,4,6,7,8-
Heptachlorodibenzodiox

in 3.734E-09 - --(b) - -
1,2,3,4,6,7,8-
Heptachlorodibenzofura

n 5.6E-09 -- --(b) -

1,2,3,4,7,8-
Hexachlorodibenzofuran 2.9E-09 --(b) - --

1,2,3,6,7,8-
Hexachlorodibenzofuran 2.1E-09 --(b) --

1,2-Dichloroethane 0.00064 Yes 3.22E-06 1.83E-03 4.48E-OS 1.88E-03 0.017
2,3,4,6-
Tetrachlorophenol 0.0077 -- (b) 1.47E-02 -- 1.47E-02 0.13
2-Methyphenol (cresol,
o-) 0.0075 - -(b) 8.57E-03 4.10E-04 8.98E-03 0.082
4-Nitrophenol 0.0072 - -- (b) 5.14E-02 1.87E-03 5.33E-02 0.49
Aluminum 0.11217909 - -- (b) 6,41E-03 1.67E-05 6.43E-03 0.059
Arsenic 0.005765062 -- (b) 1.10E+00 2.87E-03 1.10E+00 10
Barium 0.052626075 -- (b) 1.50E-02 5.61E-04 1.56E-02 0.14
Beryllium 0.00034431 -- (b) 9,84E-03 3.67E-03 1.35E-02 0.12
Bis(2-ethylhexyl)
phthalate 0.011 -- --(b) 3.14E-02 2.43E-02 5.57E-02 0.51
Cadmium 0.018 -- (b) 2.06E+00 1.07E-01 2.16E+00 20

Carbon tetrachloride 0.0018 Yes 1.14E-04 1.47E-01 1.97E-02 1.67E-01 1.5
Chloride 11.439962 -- (b) - -
Chloroform 0.00038106 Yes 4.70E-05 2.18E-03 9.92E-05 2.32E-03 0.021
Chromium 0.015609389 - --(b) 5.95E-04 1.19E-04 7.14E-04 0.0065
Cobalt 0.004378857 - -- (b) 8.34E-01 8.71E-04 8.35E-01 7.6
Copper 0.004482187 -- (b) 6.40E-03 1.67E-05 6.42E-03 0.059
Dinoseb(2-secButyl-4,6-
dinitrophenol) 0.005506461 -- -- (b) 3.15E-01 3.15E-01 2.9
Fluoride 0.31715504 -- (b) 3.02E-01 7.88E-04 3.03E-01 2.8

Hexavalent Chromium 0.191 -- (b) 3,64E+00 7.60E-01 4.40E+00 40
Iron 0.14355212 --(b) 1.17E-02 3.06E-05 1.17E-02 0.11
Lead 0.00142074 -- (b) - --

Manganese 0.009635007 -- (b) 2.29E-02 1.50E-03 2.44E-02 0.22
Nickel 0.010760715 -- (b) 3.07E-02 4.01E-04 3.11E-02 0.28
Nitrate 31.205071 - -- (b) 2.51E-01 6.55E-04 2.52E-01 2.3
Nitrite 0.034429846 - -- (b) 6.56E-03 1.71E-05 6.58E-03 0.060
Nitrogen in Nitrite and
Nitrate 14.7 -- (b) 5.25E-01 1.37E-03 5.26E-01 4.8

Octachlorodibenzofuran 9.9649E-09 -- -- (b) --

Octachlorodibenzo-p-
dioxin 5.6857E-09 -- (b)
Silver 0.005650889 -- (b) 6.46E-02 2.53E-03 6.71E-02 0.61
Strontium 0.26495344 - -- (b) 2.52E-02 6.59E-05 2.53E-02 0.23
Sulfate 56.164035 -- (b) --

Toluene 0.000065 Yes 1.57E-07 4.64E-05 8.07E-06 5.47E-05 4.99E-04
Total petroleum
hydrocarbons - gasoline
range 0.05 - -(b) - --

Trichloroethene 0.000570461 Yes 1.97E-04 -- 1.97E-04 0.0018
Uranium 0.014879201 -- --.b) 2.83E-01 7.40E-04 2.84E-01 2.6
Vanadium 0.021937779 - -- (b) 2.51E-01 6.54E-04 2.51E-01 2.3
Zinc 0.092316084 -- (b) 1.76E-02 2.75E-05 1.76E-02 0.16
Total 3.62E-04 10.03 0.93 10.96 100

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.

HQ = hazard quotient.

HI = hazard index.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (10-Year)--Summary of Yakima Nation Drinking Water Exposure Scenario Cancer Risk Results for Nonradioactive COPCs

in Groundwater.

COPC Contaminant Concentration in Groundwater VOC? Risk (inhalation) Risk (Ingestion) Risk (Dermal) Total Risk %

C. (mg/L) (unitless) (unitless) (unitless) (unitiess) Contribution

1,2,3,4,6,7,8-
Heptachlorodibenzodiox
in 3.734E-09 - -- (b) 3.06E-07 3.06E-07 0.052
1,2,3,4,6,7,8-
Heptachlorodibenzofura
n 5.6E-09 - --(b) 4.58E-07 4.58E-07 0.077

1,2,3,4,7,8-
Hexachlorodibenzofuran 2.9E-09 --(b) 2.37E-06 -- 2.37E-06 0.40

1,2,3,6,7,8-
Hexachlorodibenzofuran 2.1E-09 - -- (b) 1.72E-06 - 1.72E-06 0.29
1,2-Dichloroethane 0.00064 Yes 2.01E-07 3.67E-06 8.85E-08 3.96E-06 0.67
2,3,4,6-
Tetrachlorophenol 0.0077 - -- (b) -

2-Methylphenol (cresol,
o-) 0.0075 -- (b) --

4-Nitrophenol 0.0072 - -(b) -

Aluminum 0.11217909 - -- (b) -

Arsenic 0.005765062 --(b) 5.44E-04 1.44E-06 5.46E-04 92
Barium 0.052626075 -- -- (b) -

Beryllium 0.00034431 --(b) --

Bis(2-ethylhexyl)
phthalate 0.011 --(b) 9.70E-06 7.37E-06 1.71E-05 2.9
Cadmium 0.018 -- (b) - ---
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Carbon tetrachloride 0.0018 Yes 3.26E-07 1.47E-05 1.94E-06 1.70E-05 2.9
Chloride 11.439962 - -- (b) - -

Chloroform 0.00038106 Yes 1.06E-07 7.44E-07 3.33E-08 8.83E-07 0.15
Chromium 0.015609389 -- (b)
Cobalt 0.004378857 -- (b) - - -

Copper 0.004482187 - -- (b) - --

Dinoseb(2-secButyl-4,6-
dinitrophenol) 0.005506461 - --(b) -

Fluoride 0.31715504 -- (b) -

Hexavalent Chromium 0.191 - --(b) -

Iron 0.14355212 - --(b) - --

Lead 0.00142074 -- (b) - -

Manganese 0.009635007 - --(b) - --

Nickel 0.010760715 - -- (b) --

Nitrate 31.205071 -- (b)
Nitrite 0.034429846 - -- (b) - --

Nitrogen in Nitrite and
Nitrate 14.7 - -- (b) - -

Octachlorodibenzofuran 9.9649E-09 - --(b) 2.45E-08 2.45E-08 0.0041
Octachlorodibenzo-p-
dioxin 5.6857E-09 - --(b) 1.40E-08 1.40E-08 0.0024
Silver 0.005650889 - -(b) --

Strontium 0.26495344 --(b) - -

Sulfate 56.164035 - --(b) --

Toluene 0.000065 Yes - - --

Total petroleum
hydrocarbons -gasoline
range 0.05 --(b) - -

Trichloroethene 0.000570461 Yes 1.72E-07 3.20E-06 2.72E-07 3.64E-06 0.61
Uranium 0.014879201 --(b) --

Vanadium 0.021937779 --(b) - --

Zinc 0.092316084 - -- (b) - -

Total ELCR 8.06E-07 5.81E-04 1.11E-05 5.93E-04 100

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.

SVOC - semivolatile organic compound.

VOC = volatile organic compound.

ELCR = excess lifetime cancer risk.

200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (10-Year)--Summary ofYakima Nation Drinking Water Exposure Scenario Cancer Risk Results for
Radioactive COPCs in Groundwater.

COPC Contaminant Concentration in Groundwater Volatile?' Risk (Inhalation) Risk (ingestion) Total Risk %

C, (pCi/L) (unitess) (unitess) (unitess) Contribution

Gross alpha 4.8703439 -- (b)

lodine-129 3.1689247 -- (b) 4.S9E-05 4.59E-05 3.0

Plutonium-239/240 0.029 -- (b) 3.83E-07 3.83E-07 0.025

Protactinium-231 0.28 - -- (b) 4.74E-06 4.74E-06 0.31

Strontium-90 4.5802399 - -- (b) 2.50E-05 2.50E-05 1.6

Technetium-99 1567.7398 --(b) 4.22E-04 4.22E-04 27

Tritium 192557.5 Yes 8.92E-05 9.SSE-04 1.04E-03 68

Total ELCR 8.92E-05 1.45E-03 1.54E-03 100

' Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

COPC = contaminant of potential concern.

Yakima Nation = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Near-Field exposure area - Yakima Nation

Ingestion of Nonradioactive Compounds in Drinking Water - Yakima Nation

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

Ingestion Chronic Daily Intake CDI calculated mg/kg-day EPA 1989

Contaminant concentration in Drinking Water Cw contaminant-specific mg/L ECF-200P1-09-2027

Average Body Weight BW 70 16 kg Ridolfi, 2007

Drinking Water Ingestion Rate IRW 4 2 Liters/day Ridolfi, 2007
Calculated using the age
adjusted intake factors

Age-Adjusted Drinking Water Ingestion Rate IRWadj 4.407 L-yr/kg-day equation

Exposure Frequency EF 365 days/yr Ridolfi, 2007

Exposure Duration ED 70 6 yr Ridolfi, 2007

Averaging time AT 70 -- yr Ridolfi, 2007
RfDo Oral Reference Dose Chemical Specific mg/kg-day EPA 2009

CSFo Oral Cancer Slope Factor Chemical Specific (mg/kg-day)-
4  

EPA 2009

CF2 Conversion Factor 365 days/year EPA 1989

Ridolfl 2007, Yakamo Nation Exposure Scenoriofor Hanford Site Risk Assessment.

ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA, 2009 EPA Region Ill Regional Screening Level downloaded December 2009. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cw CDI (noncarcinogen) RfDo' HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 3.734E-09 2.13E-10 --

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 S.6E-09 3.20E-10 --

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 2.9E-09 1.66E-10 -- --

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 2.1E-09 1.20E-10 -

1,2-Dichoroethane 107-06-2 0.00064 3.66E-05 2.OOE-02 1.83E-03 0.018
2,3,4,6-Tetrachlorophenol 58-90-2 0.0077 4.40E-04 3.00E-02 1.47E-02 0.15
2-Methyiphenol (cresol, o-) 95-48-7 0.0075 4.29E-04 5.00E-02 8.57E-03 0.085
4-Nitrophenol 100-02-7 0.0072 4.11E-04 8.00E-03 5.14E-02 0.51
Aluminum 7429-90-5 0.11217909 6.41E-03 1.00E+00 6.41E-03 0.064
Arsenic 7440-38-2 0.005765062 3.29E-04 3.OOE-04 1.10E+00 11
Barium 7440-39-3 0.052626075 3.01E-03 2.00E-01 1.50E-02 0.15
Beryllium 7440-41-7 0.00034431 1.97E-05 2.00E-03 9.84E-03 0.098
Bis(2-ethylhexyl) phthalate 117-81-7 0.011 6.29E-04 2.OOE-02 3.14E-02 0.31
Cadmium 7440-43-9 0.018 1.03E-03 5.00E-04 2.06E+00 21
Carbon tetrachloride 56-23-5 0.0018 1.03E-04 7.OOE-04 1.47E-01 1.5
Chloride 16887-00-6 11.439962 6.54E-01 -- --

Chloroform 67-66-3 0.00038106 2.18E-05 1.00E-02 2.18E-03 0.022
Chromium 7440-47-3 0.015609389 8.92E-04 1.50E+00 5.95E-04 0.0059
Cobalt 7440-48-4 0.004378857 2.50E-04 3.OOE-04 8.34E-01 8.3
Copper 7440-50-8 0.004482187 2.56E-04 4.00E-02 6.40E-03 0.064
Dinoseb(2-secButyl-4,6-dinitrophenol) 88-85-7 0.005506461 3.15E-04 1.00E-03 3.15-01 3.1
Fluoride 16984-48-8 0.31715504 1.81E-02 6.00E-02 3.02E-01 3.0
Hexavalent Chromium 18540-29-9 0.191 1.09E-02 3.00E-03 3.64E+00 36
Iron 7439-89-6 0.1435212 8.20E-03 7.00E-01 1.17E-02 0.12
Lead 7439-92-1 0.00142074 8.12E-05 -- --

Manganese 7439-96-5 0.009635007 5.51E-04 2.40E-02 2.29E-02 0.23
Nickel 7440-02-0 0.010760715 6.15E-04 2.00E-02 3.07E-02 0.31
Nitrate 14797-55-8 31.205071 1.78E+00 7.10E+00 2.51E-01 2.5
Nitrite 14797-65-0 0.034429846 1.97E-03 3.00E-01 6.56E-03 0.065
Nitrogen in Nitrite and Nitrate N02+NO3-N 14.7 8.40E-01 1.60E+00 5.25E-01 5.2
Octachlorodibenzofuran 39001-02-0 9.9649E-09 5.69E-10 -- --

Octachlorodibenzo-p-dioxin 3268-87-9 5.6857E-09 3.25E-10 - -

Silver 7440-22-4 0.005650889 3.23E-04 5.00E-03 6.46E-02 0.64
Strontium 7440-24-6 0.26495344 1.51E-02 6.00E-01 2.52E-02 0.25
Sulfate 14808-79-8 56.164035 3.21E+00 -- --

Toluene 108-88-3 0.000065 3.71E-06 8.00E-02 4.64E-05 4.63E-04
Total petroleum hydrocarbons - gasoline range TPHGASOLINE 0.05 2.86E-03 - -

Trichloroethene 79-01-6 0.000570461 3.26E-05 -- --

Uranium 7440-61-1 0.014879201 8.50E-04 3.00E-03 2.83E-01 2.8
Vanadium 7440-62-2 0.021937779 1.25E-03 5.00E-03 2.51E-01 2.5
Zinc 7440-66-6 0.092316084 5.28E-03 3.00E-01 1.76E-02 0.18
Total 10.0 100
a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

-- - Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA 540/1-89/002 Risk Assessment GuidanceforSuperfund Volume I: Human Health Evaluation Manual (Port A).

COPC = contaminant of potential concern.

HQ = hazard quotient.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit] Cw CDI (carcinogen) CSF Risk

Near-Field Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxin
1,2,3,4,6,7,8-Heptachiorodibenzofuran
1, 2,3,4,7,8-H exa chlorodibe nzofuran
1, 2,3,6,7,8-Hexachlorodibenzofuran
1,2-Dichloroethane
2,3,4,6-Tetrachloro phenol
2-Methylphenol (cresol, o-)
4-Nitrophenol
Aluminum
Arsenic
Barium
Beryllium
Bis(2-ethylhexyl) phthalate
Cadmium
Carbon tetrachloride
Chloride
Chloroform
Chromium
Cobalt
Copper
Dinoseb(2-secButy-4,6-dinitrophenol)
Fluoride
Hexavalent Chromium

35822-46-9
67562-39-4
70648-26-9
57117-44-9

107-06-2
58-90-2
95-48-7
100-02-7

7429-90-5
7440-38-2
7440-39-3
7440-41-7
117-81-7

7440-43-9
56-23-5

16887-00-6
67-66-3

7440-47-3
7440-48-4
7440-50-8

88-85-7
16984-48-8
18540-29-9

3.734E-09
5.6E-09
2.9E-09
2.1E-09
0.00064
0.0077
0.0075
0.0072

0.11217909
0.005765062
0.052626075
0.00034431

0.011
0.018

0.0018
11.439962

0.00038106
0.015609389
0.004378857
0.004482187
0.005506461
0.31715504

0.191

2.35E-10
3.53E-10
1.83E-10
1.32E-10
4.03E-05
4.85E-04
4.72E-04
4.53E-04
7.06E-03
3.63E-04
3.31E-03
2.17E-05
6.93E-04
1.13E-03
1.13E-04
7.20E-01
2.40E-05
9.83E-04
2.76E-04
2.82E-04
3.47E-04
2.00E-02
1.20E-02

1.30E+03
1.30E+03
1.30E+04
1.30E+04
9.10E-02

1.50E+00

1.40E-02

1.30E-01

3.10E-02

3.06E-07
4.58E-07
2.37E-06
1.72E-06
3.67E-06

5.44E-04

9.70E-06

1.47E-05

7.44E-07

0.053
0.079
0.41
0.30
0.63

94

1.7

2.5

0.13
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Iron
Lead
Manganese
Nickel
Nitrate
Nitrite
Nitrogen in Nitrite and Nitrate
Octachlorodibenzofuran
Octachlorodibenzo-p-dioxin
Silver
Strontium
Sulfate
Toluene
Total petroleum hydrocarbons - gasoline range
Trichloroethene
Uranium
Vanadium
Zinc

7439-89-6
7439-92-1
7439-96-5
7440-02-0
14797-55-8
14797-65-0
NO2+NO3-N
39001-02-0
3268-87-9
7440-22-4
7440-24-6
14808-79-8

108-88-3
TPHGASOLINE

79-01-6
7440-61-1
7440-62-2
7440-66-6

0.14355212
0.00142074
0.009635007
0.010760715

31.205071
0.034429846

14.7
9.9649E-09
5.6857E-09

0.005650889
0.26495344
56.164035
0.000065

0.05
0.000570461
0.014879201
0.021937779
0.092316084

9.04E-03
8.94E-05
6.07E-04
6.77E-04
1.96E+00
2.17E-03
9.26E-01
6.27E-10
3.58E-10
3.56E-04
1.67E-02
3.54E+00
4.09E-06
3.15E-03
3.59E-05
9.37E-04
1.38E-03
5.81E-03

3.90E+01
3.90E+01

8.90E-02

2.45E-08
1.40E-08

3.20E-06

0.0042
0.0024

0.55

Total ELCR 5.81E-04 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superund Volume I: Human Health Evaluation Manual (Part A).

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Near-Field exposure area -Yakima Nation

Inhalation of Volatile Nonradioactive Compounds in Drinking Water - Yakima Nation

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source
EPA 2009b

mg/m
3 

for noncarcinogens,

Inhalation Chronic Daily Intake CDI calculated pg/m' for carcinogens

Contaminant concentration in drinking water C, contaminant-specific mg/L ECF-200PO1-09-2027

Exposure Time ET 0580 - hours/day U.S. EPA, 2004

Exposure Frequency EF 365 days/yr Ridolfi, 2007

Exposure Duration ED 70 yr Ridofi, 2007

Averaging Time AT 70 - yr Ridolfi, 2007
Andelman Volatilization Factor VF 0.5 m

3
/kg U.S. EPA, 1991

Inhalation Reference Concentration RfC, Chemical Specific mg/m3 EPA 2009a

nhalation Unit Risk IUR Chemical Specific (pg/m)' EPA 2009a

Conversion Factor CF1 365 days/year EPA 2009b

Conversion Factor CF2 0.042 1day/24 hours EPA 2009b

R idolfi 2007, Yakoma Notion Exposure Scenario for HonfordSite Risk Assessment.

ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

U.S. EPA, 2009a EPA Region IlI Regional Screening Level downloaded December 2009. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/Generic_Tables/index.htm

U.S. EPA 2009b. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit Cw CDI (noncarcinogen) RfC' HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # Volatilea (mg/L) (mg/mi) (mg/m) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 3.734E-09 --(b) -(b)
1,2,3,4,6,7,8-Heptachlorodibenaofuran 67562-39-4 5.6E-09 --(b) --(b)
1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 - 2.9E-09 --(b) -- (b)
1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 2.1E-09 --(b) ---- (b)
1,2-Dichloroethane 107-06-2 Yes 0.00064 7.73E-06 2.40E+00 3.22E-06 0.89
2,3,4,6-Tetrachlorophenol 58-90-2 0.0077 --(b) -(b)
2-Methyphenol (cresol, a-) 95-48-7 -- 0.0075 --(b) .00E-01 --(b)
4-Nitrophenol 100-02-7 - 0.0072 --(b) -(b)
Aluminum 7429-90-5 0.11217909 --(b) 5.00E-03--(b)
Arsenic 7440-38-2 0.005765062 --(b) 1.50F-05 --(b)
Barium 7440-39-3 0.052626075 -- (b) 5.OSE-04 --(b)
Beryllium 7440-41-7 -- 0.00034431 -- (b) 2.00F-05 --(b)
Bis(2-ethylhexyl) phthalate 117-81-7 -- 0.011 --(b) --(b)
Cadmium 7440-43-9 -- 0.018 --(b) 1.00E-05 --(b)
Carbon tetrachloride 56-23-5 Yes 0.0018 2.18E-0S 1.90E-01 1.14E-04 32
Chloride 16887-00-6 - 11.439962 --(b) -- (b)
Chloroform 67-66-3 Yes 0.00038106 4.60E-06 9.80E-02 4.70E-05 13
Chromium 7440-47-3 -- 0.015609389 --(b) --- (b)
Cobalt 7440-48-4 - 0.004378857 --(b) 6.0E-06 --(b)
Copper 7440-50-8 0.004482187 --(b) --- (b)
Dinoseb(2-secButyl-4,6-dinitrophenol) 88-85-7 - 0.005506461 --(b) ---- (b)

Fluoride 16984-48-8 0.31715504 --(b) 1.30E-02--(b)
Hexavalent Chromium 18540-29-9 0.191 --(b) 1.00E-04 --(b)
Iron 7439-89-6 - 0.14355212 --(b) -- (b)

Lead 7439-92-1 - 0.00142074 --(b) -- (b)
Manganese 7439-96-5 - 0.009635007 --(b) 5.OE-05-(b)
Nickel 7440-02-0 - 0.010760715 --(b) 9.00-05 --(b)

Nitrate 14797-55-8 31.205071 --(b) - --(b)
Nitrite 14797-65-0 - 0.034429846 --(b) --- (b)
Nitrogen in Nitrite and Nitrate NO2+NO3-N - 14.7 -b) --(b)

Octachlorodibenzofuran 39001-02-0 9.9649E-09 --(b) -(b)
Octachlorodibenzo-p-dioxin 3268-87-9 5.6857E-09 --(b) --(b)
Silver 7440-22-4 -- 0.005650889 --(b) -(b)
Strontium 7440-24-6 0.26495344 --(b) -- --(b)
Sulfate 14808-79-8 -- 56.164035 --(b) -- (b)
Toluene 108-88-3 Yes 0.000065 7.85E-07 5.OOE+00 1.57E-07 0.043
Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 -(b) -- (b)
Trichloroethene 79-01-6 Yes 0.000570461 6.89E-06 3.50E-02 1.97E-04 54
Uranium 7440-61-1 0.014879201 --(b) 3.SOE-04 --(b)

Vanadium 7440-62-2 0.021937779 --(b) -- (b)

Zinc 7440-66-6 - 0.092316084 --(b) -- (b)

Total 3.62E-04 100

'EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/inde.htm

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

HQ = hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit[ C . CDI(carcinogen) IUR 31 Risk %b

Near-Field Exposure Area Nonradioactive COPC CAS # Volatile' (mg/L) (pg/m) (pg/n)' (unitless) Contribution
Near-Fied Fop Ire Area _ _____

1,2,3,4,6,7,8-Heptachlorodibenzodioxin
1,2,3,4,6,7,8-Heptachlorodbenzofuran
1,2,3,4,7,8- Hexa chl orodibenz ofu ran
1,2,3,6,7,8-H exa c hlorodibenz ofu ran
1,2-Dichloroethane
2,3,4,6-Tet ra chloro pheno I
2-Methyphenol (cresol, o-)
4-Nitrophenol
Aluminum
Arsenic
Barium
Beryllium
Bis(2-ethylhexyl) phthalate
Cadmium
Carbon tetrachloride
Chloride
Chloroform
Chromium
Cobalt
Copper
Dinoseb(2-secButyl-4,6-dinitrophenol)

Fluoride
Hexavalent Chromium
Iron

45822-6-9
67562-39-4
70648-26-9
57117-44-9

107-06-2
58-90-2
95-48-7
100-02-7

7429-90-5
7440-38-2
7440-39-3
7440-41-7
117-81-7

7440-43-9
56-23-5

16887-00-6
67-66-3

7440-47-3
7440-48-4
7440-50-8

88-85-7
16984-48-8
18540-29-9
7439-89-6

Yes

Yes

Yes

-734E-09
5.6E-09
2.9E-09
2.SE-09
0.00064
0.0077
0.0075
0.0072

0.11217909
0.005765062
0.052626075
0.00034431

0.011
0.018
0.0018

11.439962
0.00038106
0.015609389
0.004378857
0.004482187
0.005506461
0.31715504

0.191
0.14355212

--(b)

7.73E-03

--(b)

2.18E-02
--(b)
--(b)
--(b)
--(b)

3.80E-01
3.80E-01
3,80E+00
3.80E+00
2.60E-05

4.30E-03

2.40E-03
2.40E-06
1.80E-03
1.50E-05

2.30E-05

9.0SE-03

8.40E-02

2.01E-07

--(b)

--(b)
--(b)

3.26E-07

--(b)

--(b)

25

41

13
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Lead 7439-92-1 - 0.00142074 -(b)
Manganese 7439-96-5 -- 0009635007 --(b) -- -(b)
Nickel 7440-02-0 0.010760715 -(b) 2.60E-04--(b)
Nitrate 14797-55-8 -- 31205071 --(b) -
Nitrite 14797-65-0 -- 0.034429846 --(b) -
Nitrogen in Nitrite and Nitrate N02+NO3-N -- 14.7 --(b) -(b)
Octachlorodibenzofuran 39001-02-0 -- 9.9649E-09 --(b) 1.14E-02 --(b)
Octachlorodibenzo-p-dioin 3268-87-9 -- 5.6857E-09 --(b) 1.14E-02 --(b)
Silver 7440-22-4 -- 0.005650889 --(b) -- (b)
Strontium 7440-24-6 0.26495344 --(b) -- (b)
Sulfate 14808-79-8 56.164035 --(b) -- (b)
Toluene 108-88-3 Yes 0.000065 7.85E-04 -

Total petroleum hydrocarbons -gasoline range TPHGASOLINE 0.05 --(b) -- (b)
Trichloroethene 79-01-6 Yes 0.000570461 6.89E-03 2.50E-05 1.72E-07 21
Uranium 7440-61-1 0.014879201 --(b) -- (b)
Vanadium 7440-62-2 0.021937779 --(b) -- (b)
Zinc 7440-66-6 -- 0.092316084 --(b) -- (b)
Total ELCR 8.06E-07 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://ww.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm
t
Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.
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ECF-200P01-09-2115 REV. 2

200-PO-1groundwater operable unit Native American Risk Assessment (10-Year)--Near-Fild exposure area - Yakima Nation

mna ati o volate RadioactiveCompouns in uringater -Yakima ation

Intake Parameter Values Value

Factor Symbol Adult Child Unit Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration In drinking water C. contaminant-specific pCi/I ECF-200P01-09-2027

Exposure frequency EF 365 365 days/year Ridolfi, 2007
Exposure duration ED 70 6 years Ridolfi,2007
Inhalation Rate INH 2m/day Ridolfi, 2007
Exposure time ET 0.58 1 hr/day U.S. EPA, 2004

Age Adjusted Exposure Time ETa hrs
Calculated using the
age adjusted intake

0.616 factors equation

Radiation Age-adjusted inhalation rate INHRAD.a 1760 m-yr/day
Calculated using the
age adjusted intake
factors equation

Andelman Volatilization Factor VF 0.5 mt/kg U.S. EPA, 1991b

Radiation Inhalation of Volatiles Slope Factor SfI Chemical Specific risk/pCi U.S. EPA, 1997

Ridolfi 2007, Yokama Notion Exposure Scenariofor Hanford Site Risk Assessment.

ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

Inhalation of Volatile Radioactive Constituents in Groundwater

200-PO-1Groundwater Operable Unit Cw CDI (radiological inhalation) SF Risk %

Near-Field Exposure Area Radioactive COPC CA # VOC (pCi/L (pCi) (risk/pCi) (unitless) Contribution

Gross alpha 12S87-46-1 - 4.8703439 -- (b) -(b)

lodine-129 15046-84-1 3.1689247 -(b 6.07E-11 -(b)

Plutonium-239/240 PU-239/240 -- 0.029 -(b) 3.33E-08 -(b)

Protactinium-231 14331-85-2 0.28 --(b) 4.55E-08 --(b)

Strontium-90 10098-97-2 4.5802399 -(b) 1.05E-10 -(b)

Technetium-99 14133-76-7 - 1567.7398 --(b) 1.41E-11--(b)
Tritium 10028-17-8 YSe 192557.5 1.59E+09 5.62E-14 8.92E-05 100

Total ELCR B.92E-05 tOL

' Radiological contaminants considered volatile for the groundwater inhalation pathway are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

COPC = contaminant of potential concern.

ELCR excess lifetime cancer risk.

VOC volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Near-Field exposure area - Yakima Nation

Ingestion of Radioactive Compounds in Drinking Water - Yakima Nation

Intake Parameter Values Value

Factor Symbol Unit Value Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration in drinking water C contaminant-specific pCi/I ECF-200P01-09-2027

Exposure frequency EF 365 365 days/year Ridolfi, 2007
Exposure duration ED 70 6 years Ridolfi, 2007
Drinking Water Ingestion Rate IRW 4 2 L/day Ridolfi, 2007
Radiation Age-adjusted drinking water ingestion rate IRW_RAD,, 268 L-yr/day

Calculated using the

age adjusted intake
factors equation

Radiation Ingestion of Water Slope Factor Sfo Chemical Specific risk/pCi U.S. EPA, 1997

Ridolfi 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.

ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

Ingestion of Radioactive Constituents in Groundwater

200-PO-1 Groundwater Operable Unit Cw CDI (radiological ingestion) SFo Risk %

Near-Field Exposure Area Radioactive COPC CAS # (pCi/l) (pCi) (risk/pCi) (unitless) Contribution

Gross alpha 12587-46-1 4.8703439 4.76E+05 --

lodine-129 15046-84-1 3.1689247 309,984 1.48E-10 4.59E-05 3.2

Plutonium-239/240 PU-239/240 0.029 2,837 1.35E-10 3.83E-07 0.026
Protactinium-231 14331-85-2 0.28 27,390 1.73E-10 4.74E-06 0.33

Strontium-90 10098-97-2 4.5802399 448,039 5.59E-11 2.50E-05 1.7

Technetium-99 14133-76-7 1567.7398 1.53E+08 2.75E-12 4.22E-04 29

Tritium 10028-17-8 192557.5 1.88E+10 5.07E-14 9.55E-04 66

Total ELCR 1.45E-03 100

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit River Unconfined Exposure Area Native American Risk Assessment (10-Year)--Summary of Yakima Drinking Water Exposure Scenario Noncancer Hazard Results for Nonradioactive
COPCs in Groundwater.

COPC Contaminant Concentration in Groundwater VOC? HQ (Inhalation) HQ (Ingestion) HQ (Dermal) Total HI %

C. (mg/L) (unitless) (unitless) (unitless) (unitless) Contribution

Acetone 0.0011 Yes 4.29E-07 6.98E-05 -- 7.03E-05 0.0031
Arsenic 0.005767892 --(b) 1.10E+00 2.87E-03 1.10E+00 48
Barium 0.049451657 --(b) 1.41E-02 5.27E-04 1.47E-02 0.64
Carbon tetrachloride 0.00028 Yes 1.78E-05 2.29E-02 3.06E-03 2.59E-02 1.1
Chloride 12.545114 --(b) -- -- --

Chloroform 0.0023 Yes 2.84E-04 1.31E-02 5.99E-04 1.40E-02 0.61
Chromium 0.0141 - --(b) 5.37E-04 1.08E-04 6.45E-04 0.028
Copper 0.00597989 -- --(b) 8.54E-03 2.23E-05 8.56E-03 0.37
Fluoride 0.30621978 -- --(b) 2.92E-01 7.61E-04 2.92E-01 13
Iron 0.61057915 -- --(b) 4.98E-02 1.30E-04 5.OOE-02 2.2

Lead 0.000663667 -- --(b) - --

Manganese 0.040717647 -- --(b) 9.69E-02 6.33E-03 1.03E-01 4.5
Nickel 0.0056 -- --(b) 1.60E-02 2.09E-04 1.62E-02 0.71
Nitrate 28.952 --(b) 2.33E-01 6.08E-04 2.34E-01 10.2

Nitrite 0.46 -- --(b) 8.76E-02 2.29E-04 8.78E-02 3.8
Strontium 0.38963943 --(b) 3.71E-02 9.69E-05 3.72E-02 1.6
Sulfate 41.899078 -- --(b) -- --

Thallium 0.00037 -- (b) --

Uranium 0.005491757 -- --(b) 1.05E-01 2.73E-04 1.05E-01 4.6
Vanadium 0.0168 -- --(b) 1.92E-01 5.01E-04 1.93E-01 8.4

Zinc 0.006671161 -- --(b) 1.27E-03 1.99E-06 1.27E-03 0.056

Total 3.02E-04 2.27 0.02 2.28 100

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

HQ = hazard quotient.

HI = hazard index.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

200-PO-1 Groundwater Operable Unit River Unconfined Exposure Area Native American Risk Assessment (10-Year)-Summary of CTUIR Drinking Water Exposure Scenario Cancer Risk Results for Nonradioactive COPCs

in Groundwater.

COPC Contaminant Concentration in Groundwater VOC? Risk (Inhalation) Risk (Ingestion) Risk (Dermal) Total Risk %

C. (mg/L) (unitess) (unitless) (unitless) (unitless) Contribution

Acetone 0.0011 Yes - -

Arsenic 0.005767892 -- --(b) 5.45E-04 1.44E-06 5.46E-04 99
Barium 0.049451657 --(b) --

Carbon tetrachloride 0.00028 Yes 0.0000 2.29E-06 3.02E-07 2.64E-06 0.48

Chloride 12.545114 -- -- (b) -- --

Chloroform 0.0023 Yes 0.0000 4.49E-06 2.01E-07 5.33E-06 0.96
Chromium 0.0141 -- (b)-- -

Copper 0.00597989 -- --(b) -- -

Fluoride 0.30621978 -- -- (b) -- -

Iron 0.61057915 -- -- (b) --

Lead 0.000663667 -- -- (b) -- -

Manganese 0.040717647 -- -- (b) -

Nickel 0.0056 -- (b) -- -- -

Nitrate 28.952 - -- (b) - --

Nitrite 0.46 - -- (b) - --

Strontium 0.38963943 -- -- (b) - - -

Sulfate 41.899078 -- -- (b) -- - -

Thallium 0.00037 -- -- (b) --

Uranium 0.005491757 -- -- (b) - --

Vanadium 0.0168 -- -- (b) --

Zinc 0.006671161 --(b) -

Total ELCR 6.90E-07 5.51E-04 1.94E-06 5.54E-04 100

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

COPC = contaminant of potential concern.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit River Unconfined Exposure Area Native American Risk Assessment (10-Year)--Summary of CTUIR Drinking Water Exposure Scenario Cancer Risk Results for

Radioactive COPCs in Groundwater.

COPC Contaminant Concentration in Groundwater VOC? Risk (Inhalation) Risk (ingestion) Total Risk %

C, (pCi/L) (unitless) (unitless) (unitless) Contribution

Gross alpha 2.8 -- -(b)

Gross beta 22.2 --(b)

Strontium-90 2.60 - --(b) 1.42E-05 1.42E-05 3.86

Technetium-99 115 -- -(b) 3.09E-05 3.09E-05 8.4

Tritium 59,534 Yes 2.76E-05 2.95E-04 3.23E-04 88

Total ELCR 2.76E-05 3.40E-04 3.68E-04 100

a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.
b Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.



ECF-200P01-09-2115 REV. 2

COPC = contaminant of potential concern.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.

ELCR = excess lifetime cancer risk.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--River exposure area -Yakima

Ingestion of Nonradioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source

Ingestion Chronic Daily Intake CDI calculated mg/kg-day EPA 1989

Contaminant concentration in Drinking Water Cw contaminant-specific mg/L ECF-200PO1-09-2027

Average Body Weight BW 70 16 kg Ridolfi, 2007

Drinking Water Ingestion Rate IRW 4 2 Liters/day Ridolfi, 2007
Calculated using the age
adjusted intake factors

Age-Adjusted Drinking Water Ingestion Rate IRWadj 4.407 L-yr/kg-day equation

Exposure Frequency EF 365 days/yr Ridolfi, 2007

Exposure Duration ED 70 6 yr Ridolfi, 2007

Averaging time AT 70 -- yr Ridolfi, 2007
RfDo Oral Reference Dose Chemical Specific mg/kg-day EPA 2009

CSFo Oral Cancer Slope Factor Chemical Specific (mg/kg-day)-
t  

EPA 2009

CF2 Conversion Factor 365 days/year EPA 1989

Ridolfi 2007, Yakoma Notion Exposure Scenariofor Hanford Site Risk Assessment.

ECF-200P1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA, 2009 EPA Region Ill Regional Screening Level downloaded December 2009. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

Non-cancer HQcalculation

200-PO-1 Groundwater Operable Unit Cw CDI (noncarcinogen) RfD HQ %

River Exposure Area Nonradioactive COPC CAS I (mg/L) (mg/kg-day) (mg/kg-day) (unitless) Contribution
Acetone 67-64-1 0.0011 6.29E-05 0.90 6.98E-05 0.0031
Arsenic 7440-38-2 0.003767892 3.30E-04 3.OOE-04 1.1 48
Barium 7440-39-3 0.049451657 2.83E-03 0.20 0.014 0.62
Carbon tetrachloride 56-23-5 0.00028 1.60E-05 7.OOE-04 0.023 1.01
Chloride 16887-00-6 12.545114 7.17E-01 -- --

Chloroform 67-66-3 0.0023 1.31E-04 0.010 0.0131 0.58
Chromium 7440-47-3 0.0141 8.06E-04 1.5 5.37E-04 0.024
Copper 7440-50-8 0.00597989 3.42E-04 0.040 0.0085 0.38
Fluoride 16984-48-8 0.30621978 1.75E-02 0.060 0.29 13
Iron 7439-89-6 0.61057915 3.49E-02 0.70 0.050 2.2
Lead 7439-92-1 0.000663667 3.79E-05 -- --

Manganese 7439-96-5 0.040717647 2.33E-03 0.024 0.097 4.3
Nickel 7440-0-0 0.0056 3.20E-04 0.020 0.016 0.71
Nitrate 14797-55-8 28.952 1.65E+00 7.1 0.23 10.3
Nitrite 14797-65-0 0.46 2.63E-02 0.30 0.088 3.9
Strontium 7440-24-6 0.38963943 2.23E-02 0.60 0.037 1.6
Sulfate 14808-79-8 41.899078 2.39E+00 -- --

Thallium 7440-28-0 0.00037 2.11E-05 -- --

Uranium 7440-61-1 0.005491757 3.14E-04 0.0030 0.10 4.6
Vanadium 7440-62-2 0.0168 9.60E-04 0.0050 0.19 8.5
Zinc 7440-66-6 0.006671161 3.81E-04 0.30 0.0013 0.056
Total 2.3 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part A).

Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.

HQ = hazard quotient.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cw CDI (carcinogen) CSF,' Risk %

River Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-dayi (unitless) Contribution
Acetone 67-64-1 0.0011 6.93E-05 -- --

Arsenic 7440-38-2 0.005767892 3.63E-04 1.50E+00 5.45E-04 99
Barium 7440-39-3 0.049451657 3.11E-03 -- -

Carbon tetrachloride 56-23-5 0.00028 1.76E-05 1.30E-01 2.29E-06 0.42
Chloride 16887-00-6 12.545114 7.90E-01 --

Chloroform 67-66-3 0.0023 1.45E-04 3.10E-02 4.49E-06 0.81
Chromium 7440-47-3 0.0141 8.88E-04 -- --

Copper 7440-50-8 0.00597989 3.76E-04 -- --

Fluoride 16984-48-8 0.30621978 1.93E-02 -- --

Iron 7439-89-6 0.61057915 3.84E-02 --

Lead 7439-92-1 0.000663667 4.18E-05 -- -

Manganese 7439-96-5 0.040717647 2.56E-03 -- -

Nickel 7440-02-0 0.0056 3.53E-04 -

Nitrate 14797-55-8 28.952 1.82E+00 --

Nitrite 14797-65-0 0.46 2.90E-02 -- --

Strontium 7440-24-6 0.38963943 2.45E-02 -- --

Sulfate 14808-79-8 41.899078 2.64E+00 -- --

Thallium 7440-28-0 0.00037 2.33E-05 --

Uranium 7440-61-1 0.005491757 3.46E-04 --

Vanadium 7440-62-2 0.0168 1.06E-03 --

Zinc 7440-66-6 0.006671161 4.20E-04 -- --

Total ELCR 5.51E-04 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part A).

Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--River exposure area - Yakima

Inhalation of Volatile Nonradioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Parameter Symbol Adult Child Unit Source
EPA 2009b

mg/m for noncarcinogens,

Inhalation Chronic Daily Intake CDI calculated pg/m for carcinogens

Contaminant concentration in drinking water C, contaminant-specific mg/L ECF-200P01-09-2027

Exposure Time ET 0.5801 hours/day U.S. EPA, 2004

Exposure Frequency EF 365 days/yr Ridolfi, 2007

Exposure Duration ED 70 -- yr Ridolfi, 2007

Averaging Time AT 70 -- yr Ridolfi, 2007
Andeman Volatilization Factor VF 0.5 m'/kg U.S. EPA, 1991

Inhalation Reference Concentration RfC, Chemical Specific mg/mr EPA 2009a

Inhalation Unit Risk UR Chemical Specific (pg/m)- EPA 2009a

Conversion Factor CF1 365 days/year EPA 2009b

Conversion Factor CF2 0.042 Iday/24 hours EPA 2009b

R idolfi 2007, Yokama Notion Exposure Scenorio for Hanford Site Risk Assessment.

ECF-200PD1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

U.S. EPA, 2009a EPA Region Ill Regional Screening Level downloaded December 2009. http://ww.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

U.S. EPA 2009b. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit C. CDI (noncarcinogen) RfC HQ %

River Exposure Area Nonradioactive COPC CAS # Volatile (mg/L) (mg/mi) (mg/mi) (unitless) Contribution

Acetone 67-64-1 Yes 0.0011 1.33E-05 3.10E+01 4.29E-07 0.14
Arsenic 7440-38-2 -- 0.005767892 --(b) 1.50E-05--(b)
Barium 7440-39-3 -- 0.049451657 --(b) 5.00E-04 --(b)
Carbon tetrachloride 56-23-5 Yes 0.0002 R3.38E-06 1.90E-01 1.78E-05 6
Chloride 16887-00-6 -- 12.545114 --(b) -- (b)
Chloroform 67-66-3 Yes 0.0023 2.78E-05 9.80E-02 2.84E-04 94
Chromium 7440-47-3 0.0141 --(b) -- (b)
Copper 7440-50-8 -- 0.00597989 --(b) --(b)
Fluoride 16984-48-8 -- 0.30621978 -(b) 1.30E-02 .0)
Iron 7439-89-6 0.61057915 --(b) -- (b)
Lead 7439-92-1 -- 0.000663667 --(b) -- (b)
Manganese 7439-96-5 -- 0.040717647 --(b) 5.OOE-05 --(b)
Nickel 7440-02-0 -- 0.0056 --(b) 9.OOE-05 --(b)

Nitrate 14797-55-8- 28.952 --(b) -- (b)
Nitrite 14797-65-0 -- 0.46 -- (b) --- (b)

Strontium 7440-24-6 -- 0.38963943 --(b) --(b)
Sulfate 14808-79-8 -- 41.899078 --(b) -- --(b)
Thallium 7440-28-0 -- 0.00037 --(b) -- (b)

Uranium 7440-61-1 -- 0.005491757 --(b) 3.OOE-04 --(b)
Vanadium 7440-62-2 -- 0.0168 -() -- (b)
Zinc 7440-66-6 0.006671161 -- b) -b)
Total 3.02E-04 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm
Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

HQ = hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cw CDI (carcinogen) IUR' Risk %

River Exposure Area Nonradioactive COPC CASt# Volatile' (mg/L) (pg/m) (pg/in)
5  

(unitiess) Contribution

Acetone 67-64-1 Yes 0.0011 1.33E-02
Arsenic 7440-38-2 -- 0.005767892 --(b) 4.30E-03 --(b)
Barium 7440-39-3 0.049451657 --(b) --(b)
Carbon tetrachloride 56-23-5 Yes 0.00028 3.38E-03 1.50E-05 5.08E-08 7
Chloride 16887-00-6 -- 12.545114 --(b) --(b)
Chloroform 67-66-3 Yes 0.0023 2.78E-02 2.30E-05 6.39E-07 93
Chromium 7440-47-3 -- 0.0141 --(b) -(b)
Copper 7440-50-8 0.00597989 --(b) --(b)
Fluoride 16984-48-8 -- 0.30621978 --(b) -- (b)
Iron 7439-89-6 0.61057915 --(b) --(b)
Lead 7439-92-1 -- 0.000663667 --(b) -- (b)
Manganese 7439-96-5 0.040717647 --(b) -- (b)

Nickel 7440-02-0 - 0.0056 --(b) 2.60E-04--(b)
Nitrate 14797-55-8 - 28.952 --(b) -- (b)

Nitrite 14797-65-0 0.46 --(b) --- (b)
Strontium 7440-24-6 - 0.39963943 -b) -- b)
Sulfate 14808-79-8 - 41.899078 --(b) --

Thallium 7440-28-0 0.00037 --(b) -- (b)
Uranium 7440-61-1 0.005491757 --(b) -- (b)
Vanadium 7440-62-2 -- 0.0168 --(b) -(b)

Zinc 7440-66-6 0.006671161 --(b) (b

Total ELCR 6.90E-07 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm
bNonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit NatIe Amerrcan Risk Assesoment (10-Year)-Rier exposure area - Yukima

Dermal Absorption of Nonradioactive Compounds in Drinking Wter - CTUIR

Intake Parameter Values Value
Parameter Symbol Adult Child Unit

Cotmnn ocnrt ~ ~ ig WtC -t-i,,, ific g/L
Aoensge Body Weight BW 70 1 kg Harriset.l,2004

Exposune Time ET 058. hourn/day U.S. EPA, 2004
Calculated using the age
adjusted intake factors

Exposurs Time (Age-Adjusted) ETedj 0.616 hour/day equation

Surfece Area SA 18000 4,400 cm2 Ridulfi, 2007
Calculated using the age

SAadj
EV

Averaging time AT
Oral feference Pose

Oral Cancer Slope Factor

Conversion Factor

Dermal Partitioning Conseant
Absorbd Dsa perfEent

Dermal Permeability Constant

18,932

1.0 1.0
365

70Z 6.0

Chemical Specific

Chemical Specific

365

Chemial Specific

Chemical Speoific

(cm'-yr-event)/( kg-day)

Eent/days

days/yr

adjusted intake factors
equation

U.5. EPA, 2004

fidolfi, 2007

(mg/kg-day) ' I EPA
days/year

(mg/cm'-eue nt)

cm/huur

EPA 2009

1 L = 1000cm
3

EPA,2004

EPA,2004

Calculated using dermal
exposuretogroundwater
equations as prouided by

U.S. EPA, 2004

EPA, 2004
FA Fraction Absorbed Chemical Specific unitioss EPA, 2004

Lag Time Chemical Specific hours EPA. 2004

Ridnifi 2007, Yakomo Notion Exposum Scenao for Hanford Site Risk Assessment.
ECF-200POl-09-2027: Exposure Point Concentration for Gnoundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010
U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume I Human Health Eculuation Manual (Part 8, D.eelopment of Risk-Bsed Preliminary Remediation Goals).

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part E, Supplemental Guidancr for Dermal Risk Assessment)
U.S. EPA 2009. Risk Assessment Guidance for Superfund Volume 1. Human Health Ealuation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment) Final

Absorbed Dermal Dose Calculation

DA
Cw FA K B, bt (noncancer) DA(cancer)

(mg/cm 2
- (mg/cm-

ContaminanofPotentialConcern CAS# (mg/L) lnorgainc/organic (unitless) (cm/hour) (unitless) (hurs/suent) (hours) event) event)
Acetone' 67-64-1 0.0011 -- 0.000512 -- - -
Arsenic 7440-38-2 0.5767892 INORGANIC -- O.V - -- 3.35E-09 3.55E-09
Barium 7440-39-3 0G49451657 INORGANIC - 0.001 - -2 -- .87E-08 3.05E-08
Carbon tetrachloride 56-23-5 000028 - 1 0.016 0. 0.78 1.86 8.33E-09 8.58E-09
Chloride 16887-00-6 12.545114 INORGANIC - 0.001 - - -- 7.28E-06 7.73E-06
Chloroform 67-66-3 00023 1 0.0068 0 0.5 1.19 2.33E-08 2.40E-08
Chromium 7440-47-3 0.0141 INORGANIC -- 0.00 - - -- 8.18E-09 8.69E-09
Copper 7440-50-8 0.00597989 INORGANIC - 0.001 - -- 3.47E09 3.69f-09
fuoride 16984-48-8 0.30621978 INORGANIC - 0.001 -1 -- - .78E-07 l.9E-07
Iron 7439-89-6 0.61057915 INORGANIC - 0.001 1- - 3.54E-07 3.76E-07
Lead 7439-92-1 0.000663667 INORGANIC 0.0001 - - -- - 3.85E-11 409E-11
Manganese 7439-96-5 0040717647 INORGANIC -0.00 -- - - 2.36E-08 2.51E-Of
Nickel 7440-02-0 0.0056 INORGANIC 0.0002 - - - 6 50E-10 6.90E-10
Nitrate 14797-55-8 28,952 INORGANIC 0.001 -- - - 1.68E-05 1.78E-O5
Nitrite 14797-65-0 0.46 INORGANIC - 0.001 -- - - 2.67E-07 2.83E07
Strontium 7440-24-6 0.38963943 INORGANIC - 0.001 - -- - 2.26E-07 2.40E-07
Sulfate 14808-79-8 41.899078 INORGANIC --- 0.000 - -- 2.43E-05 2.58E-05
Thallium 7440-28-0 0.00037 INORGANIC - 0.00 -- - -- 2.15E-10 2.28E-10
Urenium 7440-61-1 0.005491757 INORGANIC 0.001 -- -- 3.19E-09 3.38E-09
Vanadium 7440-62-2 0.0168 INORGANIC 0.001 - - 9.74E-09 1.03E-08
Zinc 7440-66-6 0.006671161 INORGANIC - 0.0006 - -- 2.32E-09 2.47E-09
U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)
EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2
EPA/540/R/99/005 Exhibit 8-3

'the Kp value wan taken from the Oak Ridge National laboratory Risk Assessment Information System database found at rais.ornl.gov

Non-cancer HQcalcul aon

200-PO-1GroundwaterOperable Unit Cw CDI(noncarcinogen) Rff, GIABS HQ %

River Exposure Area Nonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitless) (unieless) Contribution
Acetone 67-64-1 0.001 9.00-1 I--
Arsenic 7440-38-2 0005767892 8.60E-07 3.OOE-04 1 0.0029 if
Ban-m7440-39-3 0.049451657 7.38E-06 2.OOE-01 0.07 5.27E-04 3.2
Carbontetrashlurde 56-23-5 0.00028 2.14E-06 7.00E-04 1 0.0031 18.75
Choide 16887-00-6 12.545114 1.87E-03 -- 1 --

Chloroform 67-66-3 0.0023 5.99E-06 1.OOE-02 1 5.99E-04 3.66f3
Chromium 7440-47-3 0.0141 2.10E-06 150E+00 0.013 0.08E-04 0.66
Copper 7440-50-8 0.00597989 8.92E-07 4.00E-02 1 2.23E-05 0.14
Fluoride 16984-48-8 0.30621978 4.57E05 6.00E-02 1 7.61E-04 4.7
Iron 7439-89-6 0.61057915 9.11E-05 7.00E-01 1 1.30-04 0.8

Lead 7439-92-1 0.00663667 9.0E-09 -- 1 --

Manganese 7439-96-5 0.040717647 6.07E-06 2.40E-02 0.04 0.0063 39
Nickel 7440-02-0 00056 1.67E-07 2.00E-02 0.04 2.09E-04 1.3
Nitrate 14797-55-8 28.952 4.32E-03 7.10E+00 1 6.08E-04 3.7
Nitrite 14797-65-0 0.46 6.86E-05 3.00E-01 1 2.29E-04 1.4
Strontium 7440-24-6 038963943 5.81E-05 6.00E-01 1 9.69E-05 0.59
Sulfate 14808-79-8 41.899078 4.25E-03 --- --

Thallinm 7440-28-0 000037 5.52E-08 -- 1 --
Uranium 7440-61-1 0.005491757 f.i1E-07 3.00E-03 1 2.73E-04 1.7
Vanadium 7440-62-2 0.0068 2.1E-06 5.00E-03 1 5.01E-04 3.1
Zinc 7440-66-6 0,006671161 5.97E-07 3.00E-01 1 L.99-06 0.0012
Tatal 0.016 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://w.epa.g/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

- = Indicates toxicity criteria not available to quantify contaminant's noncancer haard via this exposure route.
EPA 540/1-89/002 Risk Assessment GuidanceforSupefundVolume 1. Human Health Evluatia Manual(Part A).

COPC = contaminant of potential concern.

HO= hazardquotient.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cw CDI (carcinogen) CSFr, GIA85 Risk Risk
RiversExposureAreaNonradioactive COPC CAS # (mg/L) (mg/kg-day) (mg/kg-day) (unitlest) (unitless) (unitless)

Acetone 67-64-1 0.0011 -- 1
Arsenic 7440-38-2 0005767892 961E-07 1.S0E+00 1 1.44E-06 74
Barium 7440-39-3 0.049451657 f.24E-06 -- 0.07 --
Carbon tetrachinde 56-23-5 0.00028 2.32E-06 1.30E-01 1 3.02E-07 16
Chloride 16887-00-6 12.545114 2.09E-03--
Chloroform 67-6-3 0.0023 6.49E-06 3.10E-02 1 2.01E-07 10.3
Chromium 7440-47-3 0.0141 2.35E-06 0.013 -
Copper 7440-50-8 000597989 9.96E-07 1 -
Fluoride 16984-48-8 0.30621978 510E-05 - 1 -
Iron 7439-89- 0.61057915 1.02F-04 I
Lead 7439-92-1 0.000663667 1.11E-08 - 1
Manganese 7439-96-5 0.040717647 6.78E-06 0.04 -
Nickel 7440-02-0 0.0056 1.87E-07 -- 0.04
Nitrate 14797-55-8 28.952 4.82E-03 - 1 -
Nitrite 14797-65-0 0.46 7.66E-05 1
Strontium 7440-24-6 0.38963943 4.49E-05 1 -
Sulfate 14808-79-8 41.89907 6.98E-03 -- - -

Thallium 7440-28-0 0.00037 6.16E-08 -- 1 -
Uranium 7440-61-1 0.005491757 9.15E-07 -- 1 -
Vanadium 7440-62-2 0.0168 2.80E-04 -61

Zinc 7440-66-6 0.006671161 6.67E-07 1 -

TotaleC R i.h4-. t 100
SEPA Region 3 Regional Screening Ceuel tables dnwnlouded January 2010. http://wwrw.epa.gou/reg~hwmd/risk/human/rb-concennrationtabole/GenericTables/inde.htm
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-- = Idictes toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA 540/1-89/002 Rsk Assessment GidocefsrSoperfond Volume I: Homan Health valotion Manual (Port A).

COPC = contaminant of potential concern.
ELCR = suress liftime ras-er risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--River exposure area -Yakima

Inhalation of Volatile Radioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value
Factor Symbol Adult Child Unit Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration in drinking water C contaminant-specific pCi/I ECF-200P01-09-2027

Exposure frequency EF 365 365 days/year Ridolfi,2007

Exposure duration ED years Ridolfi, 2007

Inhalation Rate IN 2k 1 m
5

/day Ridolfi, 2007

Exposure time ET hr/day U.S. EPA, 2004
Age Adjusted Exposure Time ET,, hrs

Calculated using the age
adjusted intake factors

0.616 equation
Radiation Age-adjusted inhalation rate INHRAD, 1760 m-yr/day

Calculated using the age
adjusted intake factors

equation
Andelman Volatilization Factor VF 0.. m/kg U.S. EPA, 1991b

Radiation Inhalation of Volatiles Slope Factor Sf1 Chemical Specific risk/pCi U.S. EPA, 1997

Ridolfi 2007, Yokoma Notion Exposure Scenarin for Hanford Site Risk Assessment.

ECF-200PO0-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part R, Development of Risk-Based Preliminary Remediation Goals).
U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.
U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

Inhalation of Volatile Radioactive Constituents in Groundwater
200-PO-1 Groundwater Operable Unit CW CDI (radiological inhalation) SF, Risk %

River Exposure Area Radioactive COPC CAS # VOC (pCi/L) (pCi) (risk/pCi) (unitess) Contribution

Gross alpha 12587-46-1 -- 2.8 --(b)) --- (b)

Gross beta 12587-47-2 -- 22.2 --(b) -- (b)

Strontium-90 10098-97-2 2.60 --(b) 1.05E-10 --(b)

Technetium-99 14133-76-7 -- 115 -- b) 1.41E-11 --(b)

Tritium 10028-17-8 Yes 59,534 4.91E+08 5.62E-14 2.76E-05 100
Total ELCR 2.76E-05 100

Radiological contaminants considered volatile for the groundwater inhalation pathway are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

Nonvolatile constituents are not considered in the inhalation of groundwater in the drinking water pathway
U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.
COPC = contaminant of potential concern.

ELCR - excess lifetime cancer risk.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--River exposure area - Yakima

Ingestion of Radioactive Compounds in Drinking Water - CTUIR

Intake Parameter Values Value

Factor Symbol Unit Value Reference

Chronic Daily Intake CDI calculated pCi EPA 1989

Contaminant concentration in drinking water C, contaminant-specific pCi/I ECF-200PO1-09-2027

Exposure frequency EF 365 365 days/year Ridolfi, 2007

Exposure duration ED 70 6 years Ridolfi, 2007

Drinking Water Ingestion Rate IRW 4 2 L/day Ridolfi, 2007

Radiation Age-adjusted drinking water ingestion rate IRW_RADdj 268 L-yr/day

Calculated using the
age adjusted intake
factors equation

Radiation Ingestion of Water Slope Factor Sfo Chemical Specific risk/pCi U.S. EPA, 1997

Ridolfi 2007, Yakama Nation Exposure Scenariofor Hanford Site Risk Assessment.

ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume 1: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

U.S. EPA 1991. Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual (Part B, Development of Risk-Based Preliminary Remediation Goals).

U.S. EPA, 1997 US EPA Health Effects Assessment Summary Tables (HEAST) fy 1997 Update. EPA-540-R-97-036. July 1997.

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)

Ingestion of Radioactive Constituents in Groundwater

200-PO-1 Groundwater Operable Unit Cw CDI (radiological ingestion) SF Risk %

River Exposure Area Radioactive COPC CAS # (pCi/L) (pCi) (risk/pCi) (unitless) Contribution

Gross alpha 12587-46-1 2.8 271,228 -- --

Gross beta 12587-47-2 22.2 2,171,821 -- --

Strontium-90 10098-97-2 2.60 254,332 5.59E-11 1.42E-05 4

Technetium-99 14133-76-7 115 1.12E+07 2.75E-12 3.09E-05 9

Tritium 10028-17-8 59,534 5.82E+09 5.07E-14 2.95E-04 86.8

Total ELCR 3.40E-04 100

U.S. EPA 1989. Risk assessment guidance for Superfund. Volume I: Human health evaluation manual (Part A). Interim Final. Office of Emergency and Remedial Response.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cw 95 UCL ldl(cancer) IURa SFib Risk %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (pg/m 3 ) (kg-day/mg) (unitless) Contribution

Acetone 67-64-1 VOC 0.0011 --(c) - -- --

Arsenic 7440-38-2 -- 0.005767892 1.37E-05 4.30E-03 1.51E+01 2.06E-04 94
Barium 7440-39-3 -- 0.049451657 1.17E-04 -- -- --

Carbon tetrachloride 56-23-5 VOC 0.000271961 --(c) 1.50E-05 5.25E-02 --

Chloride 16887-00-6 -- 11.3727 2.69E-02 -- -- --

Chloroform 67-66-3 VOC 0.000814875 --(c) 2.30E-05 8.05E-02 --

Chromium 7440-47-3 -- 0.009951236 2.36E-05 -- --

Copper 7440-50-8 -- 0.00597989 1.42E-05 -- -- --

Fluoride 16984-48-8 -- 0.28680392 6.79E-04 -- -- --

Iron 7439-89-6 -- 0.61057915 1.45E-03 -- --

Lead 7439-92-1 -- 0.0006805 1.61E-06 -- -- --

Manganese 7439-96-5 -- 0.041694118 9.88E-05 -- -- -

Nickel 7440-02-0 -- 0.0056 1.33E-05 2.60E-04 9.10E-01 1.21E-05 5.5

Nitrate 14797-55-8 -- 28.582087 6.77E-02 -- -- --

Nitrite 14797-65-0 -- 0.46 1.09E-03 -- -- --

Strontium 7440-24-6 -- 0.38963943 9.23E-04 -- --

Sulfate 14808-79-8 -- 42.560202 1.01E-01 -- -- --

Thallium 7440-28-0 0.00037 8.76E-07 -- -

Uranium 7440-61-1 -- 0.005589723 1.32E-05 -- - --

Vanadium 7440-62-2 -- 0.016788235 3.98E-05 -- - --

Zinc 7440-66-6 0.006671161 1.58E-05 -- -- --

Total ELCR 2.18E-04 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

Inhalation of volatile compounds in vapor is presented in Table C-18
= Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--river exposure area-- CTUIR

Hazard quotient and cancer risk from dermal exposure to VOCs/SVOCs in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water (ldl)
can be neglected and total dermal intake (ldtotal) is equal to dermal intake from VOCs/SVOCs in sweat lodge vapor (ldv)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 3)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from vapor l'd, calculated mg/kg-day

Contaminant concentration in water Cdw contaminant-specific mg/L
Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Body surface area available for contact SA 1.8 m2

Permeability constant Kp contaminant-specific cm/hr
Length of sweat event ET 1 hr/event
Number of sweats per year EF 365 events/yr
Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF1 0.01 m/cm
Conversion factor CF2 365 day/yr

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cdw95UCL Kpb ld,(non-cancer) RfDo' GIABSa HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

Acetonec 67-64-1 VOC 0.0011 0.000512 1.38E-10 9.OOE-01 1 1.54E-10 0.0092
Arsenic 7440-38-2 -- 0.005767892 0.001 --(c) 3.OOE-04 1 --

Barium 7440-39-3 -- 0.049451657 0.001 --(c) 2.OOE-01 0.07 --

Carbon tetrachloride 56-23-5 VOC 0.000271961 0.016 1.07E-09 7.OOE-04 1 1.53E-06 92
Chloride 16887-00-6 -- 11.3727 0.001 --(c) -- 1 --

Chloroform 67-66-3 VOC 0.000814875 0.0068 1.36E-09 1.OOE-02 1 1.36E-07 8.2
Chromium 7440-47-3 -- 0.009951236 0.001 -- c) 1.50E+00 0.013 --

Copper 7440-50-8 -- 0.00597989 0.001 --(c) 4.OOE-02 1 --

Fluoride 16984-48-8 -- 0.28680392 0.001 -- c) 6.OOE-02 1 --

Iron 7439-89-6 -- 0.61057915 0.001 --(c) 7.OOE-01 1 --

Lead 7439-92-1 -- 0.0006805 0.0001 -- c) -- 1 --

Manganese 7439-96-5 -- 0.041694118 0.001 --(c) 2.40E-02 0.04 --

Nickel 7440-02-0 0.0056 0.0002 --(c) 2.OOE-02 0.04 --

Nitrate 14797-55-8 -- 28.582087 0.001 --(c) 7.10E+00 1 --

Nitrite 14797-65-0 -- 0.46 0.001 --(c) 3.OOE-01 1 --

Strontium 7440-24-6 -- 0.38963943 0.001 --(c) 6.OOE-01 1 --

Sulfate 14808-79-8 -- 42.560202 0.001 --(c) -- --

Thallium 7440-28-0 -- 0.00037 0.001 --(c) -- 1 --

Uranium 7440-61-1 -- 0.005589723 0.001 -(c) 3.OOE-03 1 --

Vanadium 7440-62-2 -- 0.016788235 0.001 --(c) 5.OOE-03 1 --

Zinc 7440-66-6 -- 0.006671161 0.0006 --(c) 3.OOE-01 1 --

Total 1.66E-06 100
a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

c Dermal absorption of nonvolatile chemicals in sweat lodge vapor is presented in Table C-22

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ= hazard quotient.
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SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cdw 95 UCL Kpb ld,,(cancer) CSFo& GIABSa Risk %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)1  (unitless) (unitless) Contribution

Acetonec 67-64-1 VOC 0.0011 0.000512 1.34E-10 1

Arsenic 7440-38-2 -- 0.005767892 0.001 --(c) 1.50E+00 1 -

Barium 7440-39-3 - 0.049451657 0.001 --(c) - 0.07 -

Carbon tetrachloride 56-23-5 VOC 0.000271961 0.016 1.04E-09 1.30E-01 1 1.35E-10 77
Chloride 16887-00-6 -- 11.3727 0.001 --(c) - 1 -

Chloroform 67-66-3 VOC 0.000814875 0.0068 1.32E-09 3.10E-02 1 4.10E-11 23
Chromium 7440-47-3 - 0.009951236 0.001 --(c) 0.013 --

Copper 7440-50-8 -- 0.00597989 0.001 --(c) -- 1 --

Fluoride 16984-48-8 - 0.28680392 0.001 --(c) -- 1 --

Iron 7439-89-6 - 0.61057915 0.001 --(c) -- 1

Lead 7439-92-1 - 0.0006805 0.0001 --(c) -- 1 -

Manganese 7439-96-5 - 0.041694118 0.001 --(c) -- 0.04 -

Nickel 7440-02-0 - 0.0056 0.0002 --(c) -- 0.04 -

Nitrate 14797-55-8 28.582087 0.001 --(c) -- 1 --

Nitrite 14797-65-0 0.46 0.001 --(c) -- 1 -

Strontium 7440-24-6 0.38963943 0.001 --(c) 1 --

Sulfate 14808-79-8 - 42.560202 0.001 --(c) -- -- --

Thallium 7440-28-0 -- 0.00037 0.001 --(c) - 1 -

Uranium 7440-61-1 -- 0.005589723 0.001 --(c) - 1 -

Vanadium 7440-62-2 -- 0.016788235 0.001 --(c) -- 1 -

Zinc 7440-66-6 - 0.006671161 0.0006 --(c) -- 1 -

Total ELCR 1.76E-10 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).
Dermal absorption of nonvolatile chemicals in sweat lodge vapor is presented in Table C-22

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).

H arris and H arper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways .
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--river exposure area-- CTUIR

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge condensed water
Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4)
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
Model assumes concentration of nonvolatiles in condensed water is equal to concentration in water used to create steam

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from liquid ldl calculated mg/kg-day

Contaminant concentration in water Cdw contaminant-specific mg/L

Body surface area available for contact SA 1.8 m2

Permeability constant Kp contaminant-specific cm/hr
Length of sweat event ET 1 hr/event
Number of sweats per year EF 365 events/yr
Number of years a person sweats in a lifetime ED 68 yr

Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr
Conversion factor CF2 365 day/yr

Conversion factor CF3 10 L/m 2-cm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cd 95 UCL Kp ldi(non-cancer) RfDo' GIABSa HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

Acetone' 67-64-1 VOC 0.0011 0.000512 --(c) 9.OOE-01 1 -

Arsenic 7440-38-2 -- 0.005767892 0.001 1.48E-06 3.OOE-04 1 4.94E-03 23
Barium 7440-39-3 -- 0.049451657 0.001 1.27E-05 2.OOE-01 0.07 9.08E-04 4.1
Carbon tetrachloride 56-23-5 VOC 0.000271961 0.016 --(c) 7.OOE-04 1 --

Chloride 16887-00-6 -- 11.3727 0.001 2.92E-03 -- 1 --

Chloroform 67-66-3 VOC 0.000814875 0.0068 --(c) 1.00E-02 1 --

Chromium 7440-47-3 0.009951236 0.001 2.56E-06 1.50E+00 0.013 1.31E-04 0.60
Copper 7440-50-8 - 0.00597989 0.001 1.54E-06 4.OOE-02 1 3.84E-05 0.18
Fluoride 16984-48-8 - 0.28680392 0.001 7.37E-05 6.OOE-02 1 1.23E-03 5.6
Iron 7439-89-6 - 0.61057915 0.001 1.57E-04 7.OOE-01 1 2.24E-04 1.0
Lead 7439-92-1 - 0.0006805 0.0001 1.75E-08 - 1 --

Manganese 7439-96-5 - 0.041694118 0.001 1.07E-05 2.40E-02 0.04 1.12E-02 51
Nickel 7440-02-0 0.0056 0.0002 2.88E-07 2.OOE-02 0.04 3.60E-04 1.6
Nitrate 14797-55-8 - 28.582087 0.001 7.35E-03 7.10E+00 1 1.04E-03 4.7
Nitrite 14797-65-0 - 0.46 0.001 1.18E-04 3.OOE-01 1 3.94E-04 1.8
Strontium 7440-24-6 0.38963943 0.001 1.OOE-04 6.OOE-01 1 1.67E-04 0.76
Sulfate 14808-79-8 -- 42.560202 0.001 1.09E-02 - -- -

Thallium 7440-28-0 - 0.00037 0.001 9.51E-08 1 --

Uranium 7440-61-1 - 0.005589723 0.001 1.44E-06 3.OOE-03 1 4.79E-04 2.2
Vanadium 7440-62-2 0.016788235 0.001 4.32E-06 5.OOE-03 1 8.63E-04 3.9
Zinc 7440-66-6 - 0.006671161 0.0006 1.03E-06 3.00E-01 1 3.43E-06 0.016
Total 0.022 100
a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/Generic-Tables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (PartE, Supplemental Guidancefor Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
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VOC = volatile organice compound.
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200-PO-1 Groundwater Operable Unit Far-Field Exposure Area Native American Risk Assessment (5-Year)--Summary of CTUIR Sweat Lodge Exposure Scenario Noncancer Hazard Results for Nonradioactive COPCs in Groundwater.
HQ (Inhalation) HQ (Dermal, Vapor, HQ (Dermal, Liquid, HQ (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? HQ (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total HI %

Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution
1,1,1-Trichloroethane 0.000691076 VOC 6.87E-06 - 1.1OE-09 - -- 6.88E-06 6.35E-05
1,1-Dichloroethane 0.000255649 VOC 1.82E-05 2.10E-09 - - 1.82E-05 1.68E-04
1,1-Dichloroethene 0.00016874 VOC 4.20E-05 -- 9.94E-09 -- - 4.20E-05 3.88E-04
1,2-Dichlorobenzene 0.003 VOC 7.46E-04 - 3.36E-07 - - 7.46E-04 0.0069
1,4-Dichlorobenzene 0.000130957 VOC 8.14E-06 1.93E-08 - 8.16E-06 7.54E-05
1,4-Dioxane 0.0081 SVOC 1.12E-04 - 6.56E-09 - -- 1.12E-04 0.0010
2-Butanone 0.00055 VOC 5.47E-06 - 2.16E-10 - - 5.47E-06 5.05E-05
2-Pentanone, 4-Methyl 0.00064 VOC 1.06E-05 5.30E-09 -- - 1.06E-05 9.80E-05
Acetone 0.001511507 VOC 2.43E-06 - 2.11E-10 2.43E-06 2.24E-05
Arsenic 0.003140238 -- 1.79 -- 2.69E-03 4.41E-07 1.79E+00 17
Barium 0.072881156 - 1.24 -- 1.34E-03 2.19E-07 1.25E+00 11

Bis(2-ethylhexyl) phthalate 0.001 SVOC - 3.07E-07 - 3.07E-07 2.83E-06
Cadmium 0.0045 - 3.84 - 4.63E-02 7.58E-06 3.89E+00 36
Carbon disulfide 0.00021 VOC 1.49E-05 - 8.77E-09 - 1.49E-05 1.38E-04
Carbon tetrachloride 0.000170123 VOC 4.45E-05 9.55E-07 4.55E-05 4.20E-04
Chloride 9.9702351 --

Chloroform 0.000214204 VOC 1.09E-04 -- 3.58E-08 1.09E-04 0.0010
Chromium 0.009493374 - -- - 1.25E-04 2.05E-08 1.25E-04 0.0012
Copper 0.004884201 - - -- 3.14E-05 5.14E-09 3.14E-05 2.90E-04
Fluoride 0.30080145 - 0.20 - 1.29E-03 2.11E-07 1.99E-01 1.8
Iron 0.12126178 - - - 4.45E-05 7.30E-09 4.46E-05 4.11E-04
Lead 0.000581898 -

Manganese 0.015530827 - 2.65 4.16E-03 6.82E-07 2.66E+00 25
Methylene chloride 0.002069589 VOC 1.03E-04 - 2.96E-08 -- - 1.03E-04 9.51E-04
Nickel 0.006014142 - 0.57 - 3.87E-04 6.34E-08 5.71E-01 5.3
Nitrate 23.863649 - - - - 8.64E-04 1.42E-07 8.64E-04 0.0080
Nitrite 0.081906164 - -- -- 7.02E-05 1.15E-08 7.02E-05 6.48E-04
Silver 0.005776818 - -4.46E-03 7.30E-07 4.46E-03 0.041
Strontium 0.38364144 - -- - 1.64E-04 2.69E-08 1.64E-04 0.0015
Sulfate 45.030868 --

Tetrachloroethene 0.000872033 VOC 1.61E-04 -- 7.07E-07 - - 1.61E-04 0.0015
Tributyl phosphate 0.012498806 SVOC - 3.50E-07 - - 3.50E-07 3.23E-06
Trichloroethene 0.000433871 VOC 6.17E-04 - - - - 6.17E-04 0.0057
Trichloromonofluoromethan
e 0.00058 VOC 4.12E-05 - 6.17E-09 - - 4.12E-05 3.81E-04
Uranium 0.016629145 -- 0.47 -- 1.43E-03 2.34E-07 4.74E-01 4.4
Vanadium 0.012904693 - ---- 6.64E-04 1.09E-07 6.64E-04 0.0061
Zinc 0.068859746 - - -- 3.54E-05 5.80E-09 3.54E-05 3.27E-04
Total 2.04E-03 1.08E+01 2.78E-06 6.40E-02 1.05E-05 10.83 100
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
HQ = hazard quotient.
HI = hazard index.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
SVOC semivolatile organic compound.
VOC = volatile organic compound.
ELCR excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit Far-Field Exposure Area Native American Risk Assessment (5-Year)-Summary of CTUIR Sweat Lodge Exposure Scenario Cancer Risk Results for Nonradioactive COPCs in Groundwater.
Risk (Inhalation) Risk (Dermal, Vapor, Risk (Dermal, Liquid, Risk (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? Risk (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total Risk %

Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution
1,1,1-Trichloroethane 0.000691076 VOC - - -

1,1-Dichloroethane 0.000255649 VOC - -

1,1-Dichloroethene 0.00016874 VOC - -

1,2-Dichlorobenzene 0.003 VOC - --

1,4-Dichlorobenzene 0.000130957 VOC 6.96E-08 - 7.08E-12 -- 6.96E-08 0.035
1,4-Dioxane 0.0081 SVOC 3.01E-06 - 7.01E-12 - 3.01E-06 1.5
2-Butanone 0.00055 VOC - - - - --

2-Pentanone, 4-Methyl 0.00064 VOC- -

Acetone 0.001511507 VOC - -

Arsenic 0.003140238 - - 1.12E-04 1.18E-06 1.93E-10 1.13E-04 57
Barium 0.072881156 - - -

Bis(2-ethylhexyl) phthalate 0.001 SVOC 1.16E-07 - 8.35E-11 - 1.16E-07 0.059
Cadmium 0.0045 - 6.72E-05 - - 6.72E-05 34
Carbon disulfide 0.00021 VOC - - -

Carbon tetrachloride 0.000170123 VOC 1.23E-07 8.44E-11 - 1.23E-07 0.062
Chloride 9.9702351 - - - -

Chloroform 0.000214204 VOC 2.38E-07 -- 1.OE-11 - 2.38E-07 0.12
Chromium 0.009493374 -- - - - - - --

Copper 0.004884201 - - - -

Fluoride 0.30080145 -- - -

ron 0.12126178 - - - --

Lead 0.000581898 - - - --

Manganese 0.015530827 - -- -- --

Methylene chloride 0.002069589 VOC 4.70E-08 - 1.30E-11 - 4.70E-08 0.024
Nickel 0.006014142 - - 1.30E-05 -- - 1.30E-05 6.6
Nitrate 23.863649 - - - --

Nitrite 0.081906164 -- - -

Silver 0.005776818 - - - -

Strontium 0.38364144 - -- -

Sulfate 45.030868 - - - -

Tetrachloroethene 0.000872033 VOC 2.49E-07 3.71E-09 -- 2.52E-07 0.13
Tributyl phosphate 0.012498806 SVOC - 6.25E-10 -- 6.25E-10 3.16E-04
Trichloroethene 0.000433871 VOC 5.24E-07 1.11E-10 -5.24E-07 0.27
Trichloromonofluoromethan

e 0.00058 VOC - - --

Uranium 0.016629145- - -- - --

Vanadium 0.012904693 - - - -- -

Zinc 0.068859746- - - -- -

Total ELCR 4.38E-06 1.92E-04 4.65E-09 1.18E-06 1.93E-10 1.98E-04 100
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Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit Far-Field Exposure Area Native American Risk Assessment (5-Year)-Summary of CTUIR Sweat Lodge Exposure Scenario Cancer Risk Results for Radioactive COPCs in Groundwater.
Risk (Inhalation)

COPC 95 UCL Groundwater Volatile?" Risk (Inhalation) (Volatiles) (Nonvolatiles) Risk (Dermal) Total Risk %

Concentration (pCi/L) (unitless) (unitless) (unitless) (unitless) Contribution

Gross alpha 6.4100896 -- - - -

Gross beta 32.397036 - -

Iodine-129 1.9883847 - - .11E-07 - 5.11E-07 0.12
Nickel-63 4.07 -- -- 2.83E-08 - 2.83E-08 0.0065
Protactinium-231 0.308 - - 5.94E-05 5.94E-05 14

Strontium-90 0.611 - 2.72E-07 -- 2.72E-07 0.063
Technetium-99 93.996334 - - 5.61E-06 - 5.61E-06 1.3
Tritium 264106.86 Yes 3.66E-04 - - 3.66E-04 85
Total ELCR 3.66E-04 6.58E-05 - 4.32E-04 100
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area -- CTUIR

Hazard quotient and cancer risk from inhalation of VOCs/SVOCs in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenoriofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)
Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Inhalation intake 'Mnh calculated mg/kg-day

Contaminant concentration in water C. contaminant-specific mg/L
Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Inhalation ratea IR 25 m3/day
Length of sweat event ET 0.042 day/event (lhr/24hr)
Number of sweats per year EF 365 days/yr
Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF 365 day/yr

a Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cdw, 9S UCL lnh(non-cancer) RfCi RfDi' HQ %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (mg/m) (mg/kg-day) (unitless) Contribution
1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 9.82E-06 5.OOE+00 1.43E+00 6.87E-06 0.34
1,1-Dichloroethane 75-34-3 VOC 0.000255649 3.63E-06 7.OOE-01 2.OOE-01 1.82E-05 0.89
1,1-Dichloroethene 75-35-4 VOC 0.00016874 2.40E-06 2.00E-01 5.71E-02 4.20E-05 2.1
1,2-Dichlorobenzene 95-50-1 VOC 0.003 4.26E-05 2.00E-01 5.71E-02 7.46E-04 37
1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 1.86E-06 8.OOE-01 2.29E-01 8.14E-06 0.40
1,4-Dioxane 123-91-1 SVOC 0.0081 1.15E-04 3.60E+00 1.03E+00 1.12E-04 5.5
2-Butanone 78-93-3 VOC 0.00055 7.82E-06 5.OOE+00 1.43E+00 5.47E-06 0.27
2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 9.09E-06 3.OOE+00 8.57E-01 1.06E-05 0.52
Acetone 67-64-1 VOC 0.001511507 2.15E-05 3.10E+01 8.86E+00 2.43E-06 0.12
Arsenic 7440-38-2 -- 0.003140238 --(c) 1.50E-05 4.29E-06 --

Barium 7440-39-3 - 0.072881156 --(c) 5.OOE-04 1.43E-04 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 1.42E-05 - -- --

Cadmium 7440-43-9 -- 0.0045 --(c) 1.OOE-05 2.86E-06 --

Carbon disulfide 75-15-0 VOC 0.00021 2.98E-06 7.OOE-01 2.OOE-01 1.49E-05 0.73
Carbon tetrachloride 56-23-5 VOC 0.000170123 2.42E-06 1.90E-01 5.43E-02 4.45E-05 2.2
Chloride 16887-00-6 - 9.9702351 --(c) - --

Chloroform 67-66-3 VOC 0.000214204 3.04E-06 9.80E-02 2.80E-02 1.09E-04 5.3
Chromium 7440-47-3 0.009493374 --(c) - - --

Copper 7440-50-8 -- 0.004884201 --(c) - - -

Fluoride 16984-48-8 -- 0.30080145 --(c) 1.30E-02 3.71E-03 -

Iron 7439-89-6 -- 0.12126178 --(c) - --

Lead 7439-92-1 0.000581898 --(c) - - -

Manganese 7439-96-5 -- 0.015530827 --(c) 5.OOE-05 1.43E-05 --

Methylene chloride 75-09-2 VOC 0.002069589 2.94E-05 1.00E+00 2.86E-01 1.03E-04 5.0
Nickel 7440-02-0 -- 0.006014142 --(c) 9.00E-05 2.57E-05 -

Nitrate 14797-55-8 - 23.863649 --(c) - - --

Nitrite 14797-65-0 -- 0.081906164 --(c) - - -

Silver 7440-22-4 - 0.005776818 --(c) - -

Strontium 7440-24-6 - 0.38364144 --(c) -

Sulfate 14808-79-8 - 45.030868 --(c) - -

Tetrachloroethene 127-18-4 VOC 0.000872033 1.24E-05 2.70E-01 7.71E-02 1.61E-04 7.9
Tributyl phosphate 126-73-8 SVOC 0.012498806 1.78E-04 - -

Trichloroethene 79-01-6 VOC 0.000433871 6.17E-06 3.50E-02 1.00E-02 6.17E-04 30
Trichloromonofluoromethane 75-69-4 VOC 0.00058 8.24E-06 7.00E-01 2.OOE-01 4.12E-05 2.0
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Uranium 7440-61-1 -- 0.016629145 (c) 3.00E-04 8.57E-05 --

Vanadium 7440-62-2 -- 0.012904693 --(c) -- -- --

Zinc 7440-66-6 - 0.068859746 --(c) -- --

Total 2.04E-03 100
a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

cInhalation of nonvolatile chemicals is presented in table C-3
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL linh(cancer) IUR' SFi' Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (pg/m35) (kg-day/mg) (unitless) Contribution
1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 9.54E-06 -

1,1-Dichloroethane 75-34-3 VOC 0.000255649 3.53E-06 -

1,1-Dichloroethene 75-35-4 VOC 0.00016874 2.33E-06 - -

1,2-Dichlorobenzene 95-50-1 VOC 0.003 4.14E-05 - -

1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 1.81E-06 1.10E-05 3.85E-02 6.96E-08 1.6
1,4-Dioxane 123-91-1 SVOC 0.0081 1.12E-04 7.70E-06 2.70E-02 3.01E-06 69
2-Butanone 78-93-3 VOC 0.00055 7.59E-06 - - --

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 8.83E-06 - --

Acetone 67-64-1 VOC 0.001511507 2.09E-05 - -- -

Arsenic 7440-38-2 - 0.003140238 --(c) 4.30E-03 1.51E+01 -

Barium 7440-39-3 - 0.072881156 --(c) - --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 1.38E-05 2.40E-06 8.40E-03 1.16E-07 2.6
Cadmium 7440-43-9 - 0.0045 --(c) 1.80E-03 6.30E+00 -

Carbon disulfide 75-15-0 VOC 0.00021 2.90E-06 - - -

Carbon tetrachloride 56-23-5 VOC 0.000170123 2.35E-06 1.50E-05 5.25E-02 1.23E-07 2.8
Chloride 16887-00-6 -- 9.9702351 --(c) - -

Chloroform 67-66-3 VOC 0.000214204 2.96E-06 2.30E-05 8.05E-02 2.38E-07 5.4
Chromium 7440-47-3 - 0.009493374 --(c) - - -

Copper 7440-50-8 - 0.004884201 --(c) - -

Fluoride 16984-48-8 - 0.30080145 --(c) -

Iron 7439-89-6 - 0.12126178 --(c) - -

Lead 7439-92-1 - 0.000581898 --(c) -- - --

Manganese 7439-96-5 - 0.015530827 --(c) --

Methylene chloride 75-09-2 VOC 0.002069589 2.86E-05 4.70E-07 1.65E-03 4.70E-08 1.1
Nickel 7440-02-0 - 0.006014142 --(c) 2.60E-04 9.10E-01 --

Nitrate 14797-55-8 - 23.863649 --(c)
Nitrite 14797-65-0 - 0.081906164 --(c) -

Silver 7440-22-4 - 0.005776818 --(c) - - -

Strontium 7440-24-6 -- 0.38364144 --(c)- --

Sulfate 14808-79-8 45.030868 --(c) - - -

Tetrachloroethene 127-18-4 VOC 0.000872033 1.20E-05 5.90E-06 2.07E-02 2.49E-07 5.7
Tributyl phosphate 126-73-8 SVOC 0.012498806 1.73E-04 - - --

Trichloroethene 79-01-6 VOC 0.000433871 5.99E-06 2.50E-05 8.75E-02 5.24E-07 12
Trichloromonofluoromethane 75-69-4 VOC 0.00058 8.01E-06 - - -

Uranium 7440-61-1 - 0.016629145 --(c) -

Vanadium 7440-62-2 - 0.012904693 --(c) - - -

Zinc 7440-66-6 - 0.068859746 --(c) - -- -

Total ELCR 4.38E-06 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) xl1000 (ug/mg).
Inhalation of nonvolatile chemicals is presented in table C-3

- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area-- CTUIR

Hazard quotient and cancer risk from inhalation of non-VOCs in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 2)

Cdw values taken from ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Inhalation intake linh calculated mg/kg-day
Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m3)/gmole*K)

Inhalation rate' IR 25 m5/day
Length of sweat event ET 0.042 day/event (1hr/24hr)
Number of sweats per year EF 365 days/yr
Exposure duration ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion Factor CF 365 day/yr
Contaminant concentration Cdw contaminant-specific mg/L
Molecular weight of water MWw 18 g/mole
Density of liquid water rhow 1000 g/L

Harris (2008)

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cd. 95 UCL l I(non-cancer) RfCi' RfDi HQ %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (mg/kg-day) (mg/m) (mg/kg-day) (unitless) Contribution
1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 --(c) 5.OOE+00 1.43E+00 --

1,1-Dichloroethane 75-34-3 VOC 0.000255649 --(c) 7.OOE-01 2.OOE-01 -

1,1-Dichloroethene 75-35-4 VOC 0.00016874 --(c) 2.00E-01 5.71E-02 --

1,2-Dichlorobenzene 95-50-1 VOC 0.003 --(c) 2.00E-01 5.71E-02 --

1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 --(c) 8.OOE-01 2.29E-01 --

1,4-Dioxane 123-91-1 SVOC 0.0081 --(c) 3.60E+00 1.03E+00 -

2-Butanone 78-93-3 VOC 0.00055 --(c) 5.OOE+00 1.43E+00 -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 --(c) 3.00E+00 8.57E-01 --

Acetone 67-64-1 VOC 0.001511507 --(c) 3.10E+01 8.86E+00 --

Arsenic 7440-38-2 -- 0.003140238 7.66E-06 1.50E-05 4.29E-06 1.79 17
Barium 7440-39-3 0.072881156 1.78E-04 5.OOE-04 1.43E-04 1.24 12
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 --(c) - - --

Cadmium 7440-43-9 -- 0.0045 1.10E-05 1.OOE-05 2.86E-06 3.84 36
Carbon disulfide 75-15-0 VOC 0.00021 --(c) 7.OOE-01 2.OOE-01 -

Carbon tetrachloride 56-23-5 VOC 0.000170123 --(c) 1.90E-01 5.43E-02 --

Chloride 16887-00-6 - 9.9702351 2.43E-02 -- -- --

Chloroform 67-66-3 VOC 0.000214204 --(c) 9.80E-02 2.80E-02 --

Chromium 7440-47-3 0.009493374 2.31E-05 -- -- -

Copper 7440-50-8 - 0.004884201 1.19E-05 -- -

Fluoride 16984-48-8 - 0.30080145 7.33E-04 1.30E-02 3.71E-03 0.20 1.8
Iron 7439-89-6 - 0.12126178 2.96E-04 -

Lead 7439-92-1 0.000581898 1.42E-06 -- - -

Manganese 7439-96-5 - 0.015530827 3.79E-05 5.OOE-05 1.43E-05 2.65 25
Methylene chloride 75-09-2 VOC 0.002069589 --(c) 1.OOE+00 2.86E-01 -

Nickel 7440-02-0 0.006014142 1.47E-05 9.OOE-05 2.57E-05 0.57 5.3
Nitrate 14797-55-8 -- 23.863649 5.82E-02 - -- -

Nitrite 14797-65-0 -- 0.081906164 2.00E-04 - -- -

Silver 7440-22-4 0.005776818 1.41E-05 - -- -

Strontium 7440-24-6 - 0.38364144 9.35E-04 - -- -

Sulfate 14808-79-8 - 45.030868 1.10E-01 -- -

Tetrachloroethene 127-18-4 VOC 0.000872033 --(c) 2.70E-01 7.71E-02 -

Tributyl phosphate 126-73-8 SVOC 0.012498806 --(c) - --

Trichloroethene 79-01-6 VOC 0.000433871 --(c) 3.50E-02 1.OOE-02 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 --(c) 7.OOE-01 2.OOE-01 --

Uranium 7440-61-1 - 0.016629145 4.05E-05 3.OOE-04 8.57E-05 0.47 4.4
Vanadium 7440-62-2 - 0.012904693 3.15E-05 - - -

Zinc 7440-66-6 -- 0.068859746 1.68E-04 - -

Total 11 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm
b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

Inhalation of volatile compounds in vapor is presented in Table C-2
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.

SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1Groundwater Operable Unit Cdw 95 UCL ldI(cancer) IUR' SFib Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (pg/m 3V' (kg-day/mg) (unitless) Contribution
1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 --(c) -- -
1,1-Dichloroethane 75-34-3 VOC 0.000255649 --(c) - - -

1,1-Dichloroethene 75-35-4 VOC 0.00016874 --(c) - -

1,2-Dichlorobenzene 95-50-1 VOC 0.003 --(c) - -

1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 --(c) 1.10E-05 3.85E-02 --

1,4-Dioxane 123-91-1 SVOC 0.0081 --(c) 7.70E-06 2.70E-02 -

2-Butanone 78-93-3 VOC 0.00055 --(c)
2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 --(c) - -

Acetone 67-64-1 VOC 0.001511507 --(c) - -

Arsenic 7440-38-2 0.003140238 7.44E-06 4.30E-03 1.51E+01 1.12E-04 58
Barium 7440-39-3 0.072881156 1.73E-04 - - --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 --(c) 2.40E-06 8.40E-03 -

Cadmium 7440-43-9 - 0.0045 1.07E-05 1.80E-03 6.30E+00 6.72E-05 35
Carbon disulfide 75-15-0 VOC 0.00021 --(c) - - -

Carbon tetrachloride 56-23-5 VOC 0.000170123 --(c) 1.50E-05 5.25E-02 -

Chloride 16887-00-6 - 9.9702351 2.36E-02 - - -

Chloroform 67-66-3 VOC 0.000214204 --(c) 2.30E-05 8.05E-02 -

Chromium 7440-47-3 - 0.009493374 2.25E-05 - -

Copper 7440-50-8 - 0.004884201 1.16E-05 - -

Fluoride 16984-48-8 - 0.30080145 7.13E-04 -

Iron 7439-89-6 - 0.12126178 2.87E-04 - -

Lead 7439-92-1 - 0.000581898 1.38E-06 - -

Manganese 7439-96-5 0.015530827 3.68E-05 - - -

Methylene chloride 75-09-2 VOC 0.002069589 --(c) 4.70E-07 1.65E-03 -

Nickel 7440-02-0 - 0.006014142 1.42E-05 2.60E-04 9.10E-01 1.30E-05 6.7
Nitrate 14797-55-8 -- 23.863649 5.65E-02 - -

Nitrite 14797-65-0 - 0.081906164 1.94E-04 - - -

Silver 7440-22-4 0.005776818 1.37E-05 - - -

Strontium 7440-24-6 -- 0.38364144 9.09E-04 - -

Sulfate 14808-79-8 - 45.030868 1.07E-01 - -- -

Tetrachloroethene 127-18-4 VOC 0.000872033 --(c) 5.90E-06 2.07E-02 -

Tributyl phosphate 126-73-8 SVOC 0.012498806 --(c)
Trichloroethene 79-01-6 VOC 0.000433871 --(c) 2.50E-05 8.75E-02
Trichloromonofluoromethane 75-69-4 VOC 0.00058 --(c)
Uranium 7440-61-1 - 0.016629145 3.94E-05 - -- -

Vanadium 7440-62-2 0.012904693 3.06E-05 -- - -

Zinc 7440-66-6 0.068859746 1.63E-04 -- --

Total ELCR 1.92E-04 100
. EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).
Inhalation of volatile compounds in vapor is presented in Table C-2

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area-- CTUIR

Hazard quotient and cancer risk from dermal exposure to VOCs/SVOCs in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water (ld,l)
can be neglected and total dermal intake (ldtotal) is equal to dermal intake from VOCs/SVOCs in sweat lodge vapor (ldv)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 3)
Cdw values taken from ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from vapor lIx calculated mg/kg-day

Contaminant concentration in water Cdw contaminant-specific mg/L
Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Body surface area available for contact SA 1.8 m

Permeability constant Kp contaminant-specific cm/hr
Length of sweat event ET 1 hr/event

Number of sweats per year EF 365 events/yr
Number of years a person sweats in a lifetime ED 68 yr

Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr

Conversion factor CF1 0.01 M/cm
Conversion factor CF2 365 day/yr

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit[ Ca,95 UCL Kp lx,,(non-cancer) RfDo uGIABSHe %b

Far-Field Exposure Area Nonradloactive COPC CAS # _ VOC/SVOC?(mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) iContribution

1,1,1-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichlorobenzene
1,4-Dichlorobenzene
1,4-Dioxane
2-Butanone
2-Pentanone, 4-Methyl

Acetoned

Arsenic
Barium
Bis(2-ethylhexyl) phthalate
Cadmium
Carbon disulfide
Carbon tetrachloride
Chloride
Chloroform
Chromium
Copper
Fluoride
Iron
Lead
Manganese
Methylene chloride
Nickel
Nitrate
Nitrite
Silver
Strontium
Sulfate
Tetrachloroethene

Tributyl phosphate'
Trichloroethene
Trichloromonofluoromethane

71-55-6
75-34-3
75-35-4
95-50-1
106-46-7
123-91-1
78-93-3

108-10-1

67-64-1
7440-38-2
7440-39-3
117-81-7

7440-43-9
75-15-0
56-23-5

16887-00-6
67-66-3

7440-47-3
7440-50-8
16984-48-8
7439-89-6
7439-92-1
7439-96-5

75-09-2
7440-02-0

14797-55-8
14797-65-0
7440-22-4
7440-24-6

14808-79-8
127-18-4

126-73-8
79-01-6
75-69-4

VOC
VOC
VOC
VOC
VOC

SVOC
VOC
VOC
VOC

SVOC

VOC
VOC

VOC

VOC

VOC

SVOC
VOC
VOC

0.000691076
0.000255649
0.00016874

0.003
0.000130957

0.0081
0.00055
0.00064

0.001511507
0.003140238
0.072881156

0.001
0.0045
0.00021

0.000170123
9.9702351

0.000214204
0.009493374
0.004884201
0.30080145
0.12126178

0.000581898
0.015530827
0.002069589
0.006014142

23.863649
0.081906164
0.005776818
0.38364144
45.030868

0.000872033

0.012498806
0.000433871

0.00058

0.013
0.0067
0.012
0.041
0.042

0.00033
0.00096
0.0027

0.000512
0.001
0.001
0.025
0.001
0.017
0.016
0.001
0.0068
0.001
0.001
0.001
0.001

0.0001
0.001

0.0035
0.0002
0.001
0.001

0.0006
0.001
0.001
0.033

0.0228
0.012
0.013

2.21E-09
4.21E-10
4.97E-10
3.02E-08
1.35E-09
6.56E-10
1.30E-10
4.24E-10

1.90E-10

6.14E-09

--(c)
8.77E-10
6.68E-10

--(c)
3.58E-10

1.78E-09-Ac)
--(c)

7.07E-09

7.OOE-08
1.28E-09
1.85E-09

2.OOE+00
2.OOE-01
5.OOE-02
9.OOE-02
7.OOE-02
LOE-01
6.OOE-01
8.OOE-02

9.OOE-01
3.OOE-04
2.OOE-01
2.OOE-02
5.00E-04
1.OOE-01
7.OOE-04

1.OOE-02
1.50E+00
4.OOE-02
6.OOE-02
7.OOE-01

2.40E-02
6.OOE-02
2.OOE-02
7.10E+00
3.OOE-01
5.00E-03
6.OOE-01

1.00E-02

2.OOE-01

3.OOE-01

1
1
1
1
1
13
1
1

1
1

0.07
1

0.05
1
1
1
1

0.013
1
1
1
1

0.04
1

0.04
1
1

0.04
1

1

1
1
1

1.10E-09
2.10E-09
9.94E-09
3.36E-07
1.93E-08
6.56E-09
2.16E-10
5.30E-09

2.11E-10

3.07E-07

8.77E-09
9.55E-07

3.58E-08

2.96E-08

7.07E-07

3.50E-07

6.17E-09

0.040
0.076
0.36

12
0.69
0.24

0.0078
0.19

0.0076

11

0.32
34

1.3

1.1

25

13

0.22

Attachment E, Page E-9

7--r-IIi
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Uranium 7440-61-1 - 0.016629145 0.001 3.00E-03 1
Vanadium 7440-62-2 -- 0.012904693 0.001 -(c) 5.OOE-03 1
Zinc 7440-66-6 - 0.068859746 0.0006 --(c) 3.OOE-01 1
Total 2.78E-06 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

c Dermal absorption of nonvolatile chemicals is presented in tables C-5 and C-6
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1Groundwater Operable Unit Cw,95UCL Kp ld,,(cancer) CSFo' GIABS' Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution
1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 0.013 2.14E-09 1 -

1,1-Dichloroethane 75-34-3 VOC 0.000255649 0.0067 4.09E-10 -- 1 -

1,1-Dichloroethene 75-35-4 VOC 0.00016874 0.012 4.83E-10 1 -

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 2.93E-08 - 1 -

1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 0.042 1.31E-09 5.40E-03 1 7.08E-12 0.15
1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 6.38E-10 1.10E-02 1 7.01E-12 0.15

2-Butanone 78-93-3 VOC 0.00055 0.00096 1.26E-10 - 1 -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 4.12E-10 1 --

Acetoned 67-64-1 VOC 0.001511507 0.000512 1.85E-10 - 1 -

Arsenic 7440-38-2 - 0.003140238 0.001 --(c) 1.50E+00 1 -

Barium 7440-39-3 -- 0.072881156 0.001 --(c) - 0.07 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 0.025 5.96E-09 1.40E-02 1 8.35E-11 1.8
Cadmium 7440-43-9 -- 0.0045 0.001 --(c) -- 0.05 -

Carbon disulfide 75-15-0 VOC 0.00021 0.017 8.52E-10 - 1 -

Carbon tetrachloride 56-23-5 VOC 0.000170123 0.016 6.49E-10 1.30E-01 1 8.44E-11

Chloride 16887-00-6 -- 9.9702351 0.001 --(c) 1

Chloroform 67-66-3 VOC 0.000214204 0.0068 3.47E-10 3.10E-02 1 1.08E-11
Chromium 7440-47-3 0.009493374 0.001 --(c) 0.013
Copper 7440-50-8 0.004884201 0.001 --(c) 1
Fluoride 16984-48-8 -- 0.30080145 0.001 --(c) - 1 -

Iron 7439-89-6 0.12126178 0.001 --(c) -- 1
Lead 7439-92-1 0.000581898 0.0001 --(c) - 1 --

Manganese 7439-96-5 -- 0.015530827 0.001 --(c) - 0.04 -

Methylene chloride 75-09-2 VOC 0.002069589 0.0035 1.73E-09 7.50E-03 1 1.30E-11
Nickel 7440-02-0 -- 0.006014142 0.0002 --(c) - 0.04
Nitrate 14797-55-8 23.863649 0.001 -(c) -- -1 -

Nitrite 14797-65-0 0.081906164 0.001 --(c) - 1 -

Silver 7440-22-4 0.005776818 0.0006 --(c) 0.04 -

Strontium 7440-24-6 - 0.38364144 0.001 --(c) 1 -

Sulfate 14808-79-8 - 45.030868 0.001 --(c) --

Tetrachloroethene 127-18-4 VOC 0.000872033 0.033 6.86E-09 5.40E-01 1 3.71E-09 80

Tributyl phosphated 126-73-8 SVOC 0.012498806 0.0228 6.80E-08 9.20E-03 1 6.25E-10 13

Trichloroethene 79-01-6 VOC 0.000433871 0.012 1.24E-09 8.90E-02 1 1.11E-10 2.4

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 1.80E-09 - 1 -

Uranium 7440-61-1 -- 0.016629145 0.001 -(c) - 1 -

Vanadium 7440-62-2 -- 0.012904693 0.001 --(c) - 1 -

Zinc 7440-66-6 - 0.068859746 0.0006 --(c) 1 -

Total ELCR 4.65E-09 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics.)

Dermal absorption of nonvolatile chemicals is presented in tables C-5 and C-6
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
E PA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).

Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area-- CTUIR

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge condensed water

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4)

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Model assumes concentration of nonvolatiles in condensed water is equal to concentration in water used to create steam

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from liquid 1l calculated mg/kg-day

Contaminant concentration in water Cdw contaminant-specific mg/L

Body surface area available for contact SA 1.8 M2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event ET 1 hr/event

Number of sweats per year EF 365 events/yr

Number of years a person sweats ina lifetime ED 68 yr

Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr

Conversion factor CF2 365 day/yr

Conversion factor CF3 10 L/m-cm

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit Cd 95UCLt Kpb 10(non-cancer) RfDo' GIABS' HQ %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?" (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 0.013 -(c) 2.OOE+00 1 --

1,1-Dichloroethane 75-34-3 VOC 0.000255649 0.0067 -(c) 2.OOE-01 1

1,1-Dichloroethene 75-35-4 VOC 0.00016874 0.012 --(c) 5.00E-02 1 --

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 --(c) 9.00E-02 1 -

1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 0.042 -(c) 7.OOE-02 1

1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 -(c) 1.00E-01 1

2-Butanone 78-93-3 VOC 0.00055 0.00096 --(c) 6.OOE-01 1

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 --(c) 8.OOE-02 1

Acetoned 67-64-1 VOC 0.001511507 0.000512 --(c) 9.OOE-01 1

Arsenic 7440-38-2 - 0.003140238 0.001 8.07E-07 3.OOE-04 1 2.69E-03 4.2

Barium 7440-39-3 0.072881156 0.001 1.87E-05 2.OOE-01 0.07 1.34E-03 2.1

Bis(2-ethylhexyI) phthalate 117-81-7 SVOC 0.001 0.025 -(c) 2.OOE-02 1 -

Cadmium 7440-43-9 0.0045 0.001 1.16E-06 5.OOE-04 0.05 4.63E-02 72

Carbon disulfide 75-15-0 VOC 0.00021 0.017 --(c) 1.OOE-01 1

Carbon tetrachloride 56-23-5 VOC 0.000170123 0.016 --(c) 7.OOE-04 1

Chloride 16887-00-6 -- 9.9702351 0.001 2.56E-03 -- 1 -

Chloroform 67-66-3 VOC 0.000214204 0.0068 --(c) 1.OOE-02 1 -

Chromium 7440-47-3 - 0.009493374 0.001 2.44E-06 1.50E+00 0.013 1.25E-04 0.20

Copper 7440-50-8 -- 0.004884201 0.001 1.26E-06 4.OOE-02 1 3.14E-05 0.049

Fluoride 16984-48-8 - 0.30080145 0.001 7.73E-05 6.00E-02 1 1.29E-03 2.0

Iron 7439-89-6 - 0.12126178 0.001 3.12E-05 7.OOE-01 1 4.45E-05 0.070

Lead 7439-92-1 0.000581898 0.0001 1.50E-08 - 1

Manganese 7439-96-5 0.015530827 0.001 3.99E-06 2.40E-02 0.04 4.16E-03 6.5

Methylene chloride 75-09-2 VOC 0.002069589 0.0035 --(c) 6.OOE-02 1

Nickel 7440-02-0 - 0.006014142 0.0002 3.09E-07 2.00E-02 0.04 3.87E-04 0.60

Nitrate 14797-55-8 - 23.863649 0.001 6.14E-03 7.10E+00 1 8.64E-04 1.3

Nitrite 14797-65-0 - 0.081906164 0.001 2.11E-05 3.OOE-01 1 7.02E-05 0.11

Silver 7440-22-4 - 0.005776818 0.0006 8.91E-07 5.OOE-03 0.04 4.46E-03 7.0

Strontium 7440-24-6 - 0.38364144 0.001 9.87E-05 6.OOE-01 1 1.64E-04 0.26

Sulfate 14808-79-8 - 45.030868 0.001 1.16E-02 - -

Tetrachloroethene 127-18-4 VOC 0.000872033 0.033 -(c) 1.OOE-02 1

Tributyl phosphated 126-73-8 SVOC 0.012498806 0.0228 -(c) 2.OOE-01 1

Trichloroethene 79-01-6 VOC 0.000433871 0.012 -(c) 1
Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 -(c) 3.OOE-01 1
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Uranium 7440-61-1 0.016629145 0.001 4.28E-06 3.OOE-03 1 1.43E-03 2.2

Vanadium 7440-62-2 - 0.012904693 0.001 3.32E-06 5.OOE-03 1 6.64E-04 1.0

Zinc 7440-66-6 - 0.068859746 0.0006 1.06E-05 3.OOE-01 1 3.54E-05 0.055

Total 0.1 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

c Model assumes 100% volatilization ofVOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ= hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cdw 95 UCL Kpb 1,1(cancer) CSFoa GIABSa Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)V (unitless) (unitiess) Contribution

1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 0.013 -(c) - 1
1,1-Dichloroethane 75-34-3 VOC 0.000255649 0.0067 --(c) 1 -

1,1-Dichloroethene 75-35-4 VOC 0.00016874 0.012 --(c) - 1 -

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 -(c) - 1
1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 0.042 --(c) 5.40E-03 1 -

1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 --(c) 1.10E-02 1
2-Butanone 78-93-3 VOC 0.00055 0.00096 --(c) 1 -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 --(c) 1 -

Acetoned 67-64-1 VOC 0.001511507 0.000512 --(c) - 1 --

Arsenic 7440-38-2 - 0.003140238 0.001 7.84E-07 1.50E+00 1 1.18E-06 100
Barium 7440-39-3 - 0.072881156 0.001 1.82E-05 0.07
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 0.025 --(c) 1.40E-02 1
Cadmium 7440-43-9 - 0.0045 0.001 1.12E-06 -- 0.05 -

Carbon disulfide 75-15-0 VOC 0.00021 0.017 --(c) - 1

Carbon tetrachloride 56-23-5 VOC 0.000170123 0.016 -(c) 1.30E-01 1 --

Chloride 16887-00-6 -- 9.9702351 0.001 2.49E-03 - 1

Chloroform 67-66-3 VOC 0.000214204 0.0068 --(c) 3.10E-02 1 -

Chromium 7440-47-3 0.009493374 0.001 2.37E-06 0.013 --

Copper 7440-50-8 0.004884201 0.001 1.22E-06 1 -

Fluoride 16984-48-8 - 0.30080145 0.001 7.51E-05 - 1 --

Iron 7439-89-6 -- 0.12126178 0.001 3.03E-05 - 1
Lead 7439-92-1 - 0.000581898 0.0001 1.45E-08 1

Manganese 7439-96-5 - 0.015530827 0.001 3.88E-06 -- 0.04

Methylene chloride 75-09-2 VOC 0.002069589 0.0035 --(c) 7.50E-03 1 -

Nickel 7440-02-0 - 0.006014142 0.0002 3.OOE-07 - 0.04 -

Nitrate 14797-55-8 - 23.863649 0.001 5.96E-03 - 1 --

Nitrite 14797-65-0 - 0.081906164 0.001 2.05E-05 - 1

Silver 7440-22-4 0.005776818 0.0006 8.66E-07 - 0.04 --

Strontium 7440-24-6 - 0.38364144 0.001 9.58E-05 1
Sulfate 14808-79-8 - 45.030868 0.001 1.12E-02 - - -

Tetrachloroethene 127-18-4 VOC 0.000872033 0.033 --(c) 5.40E-01 1 -

Tributyl phosphated 126-73-8 SVOC 0.012498806 0.0228 -(c) 9.20E-03 1

Trichloroethene 79-01-6 VOC 0.000433871 0.012 --(c) 8.90E-02 1 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 -(c) - 1 -

Uranium 7440-61-1 - 0.016629145 0.001 4.15E-06 - 1 -

Vanadium 7440-62-2 - 0.012904693 0.001 3.22E-06 - 1

Zinc 7440-66-6 - 0.068859746 0.0006 1.03E-05 1 -

Total ELCR 1.18E-06 100
a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics.)

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area -- CTUIR

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge vapor

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4)

Cdw values taken from ECF-200P01-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from vapor Idv calculated mg/kg-day

Body surface area available for contact SA 1.8 m
2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event ET 1 hr/day

Number of sweats per year EF 365 days/yr

Exposure duration ED 68 yr

Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr

Contaminant concentration Cdw contaminant-specific mg/L

Molecular weight of water MWw 18 g/mole
ideal gas law constant R 62.37 (mmHg-L)/(gmole-K)
Temperature of the sweat lodge T 338.7 K

Density of liquid water rhow 1000 g/L

Conversion factor CF2  365 day/yr

Conversion factor CF3 10 L/m
2
-cm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL Kp Id,(non-cancer) RfDo" GIABS' HQ %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?" (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 0.013 --(c) 2.OOE+00 1 --

1,1-Dichloroethane 75-34-3 VOC 0.000255649 0.0067 --(c) 2.OOE-01 1 --

1,1-Dichloroethene 75-35-4 VOC 0.00016874 0.012 --(c) 5.OOE-02 1 --

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 --(c) 9.00E-02 1 --

1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 0.042 --(c) 7.OOE-02 1 --

1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 --(c) 1.00E-01 1 --

2-Butanone 78-93-3 VOC 0.00055 0.00096 --(c) 6.00E-01 1 -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 --(c) 8.00E-02 1 --

Acetoned 67-64-1 VOC 0.001511507 0.000512 --(c) 9.OOE-01 1 --

Arsenic 7440-38-2 -- 0.003140238 0.001 1.32E-10 3.OOE-04 1 4.41E-07 4.2

Barium 7440-39-3 0.072881156 0.001 3.07E-09 2.OOE-01 0.07 2.19E-07 2.1

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 0.025 --(c) 2.OOE-02 1 --

Cadmium 7440-43-9 -- 0.0045 0.001 1.90E-10 5.00E-04 0.05 7.58E-06 72
Carbon disulfide 75-15-0 VOC 0.00021 0.017 --(c) 1.00E-01 1 --

Carbon tetrachloride 56-23-5 VOC 0.000170123 0.016 --(c) 7.00E-04 1 --

Chloride 16887-00-6 - 9.9702351 0.001 4.20E-07 - 1 --

Chloroform 67-66-3 VOC 0.000214204 0.0068 --(c) 1.00E-02 1 --

Chromium 7440-47-3 -- 0.009493374 0.001 4.OOE-10 1.50E+00 0.013 2.05E-08 0.20

Copper 7440-50-8 -- 0.004884201 0.001 2.06E-10 4.OOE-02 1 5.14E-09 0.049

Fluoride 16984-48-8 0.30080145 0.001 1.27E-08 6.OOE-02 1 2.11E-07 2.0

Iron 7439-89-6 0.12126178 0.001 5.11E-09 7.OOE-01 1 7.30E-09 0.070

Lead 7439-92-1 -- 0.000581898 0.0001 2.45E-12 -- 1 -

Manganese 7439-96-5 -- 0.015530827 0.001 6.54E-10 2.40E-02 0.04 6.82E-07 6.5
Methylene chloride 75-09-2 VOC 0.002069589 0.0035 --(c) 6.OOE-02 1 --

Nickel 7440-02-0 -- 0.006014142 0.0002 5.07E-11 2.OOE-02 0.04 6.34E-08 0.60
Nitrate 14797-55-8 23.863649 0.001 1.01E-06 7.10E+00 1 1.42E-07 1.3

Nitrite 14797-65-0 -- 0.081906164 0.001 3.45E-09 3.00E-01 1 1.15E-08 0.11

Silver 7440-22-4 -- 0.005776818 0.0006 1.46E-10 5.00E-03 0.04 7.30E-07 7.0
Strontium 7440-24-6 0.38364144 0.001 1.62E-08 6.00E-01 1 2.69E-08 0.26
Sulfate 14808-79-8 -- 45.030868 0.001 1.90E-06 -- -- --

Tetrachloroethene 127-18-4 VOC 0.000872033 0.033 --(c) 1.00E-02 1

Tributyl phosphate' 126-73-8 SVOC 0.012498806 0.0228 --(c) 2.00E-01 1 --

Trichloroethene 79-01-6 VOC 0.000433871 0.012 --(c) 1

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 --(c) 3.OOE-01 1

Uranium 7440-61-1 -- 0.016629145 0.001 7.01E-10 3.OOE-03 1 2.34E-07 2.2

Vanadium 7440-62-2 -- 0.012904693 0.001 5.44E-10 5.00E-03 1 1.09E-07 1.0
Zinc 7440-66-6 -- 0.068859746 0.0006 1.74E-09 3.00E-01 1 5.80E-09 0.055
Total 0.00 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Dermal Absorption of volatiles is presented in table C-4

the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

= Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Port E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL Kp l(,,[cancer) CSFoa GIABS' Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)
1  

(unitless) (unitless) Contribution

1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 0.013 --(c) - 1 -

1,1-Dichloroethane 75-34-3 VOC 0.000255649 0.0067 --(c) - 1 -

1,1-Dichloroethene 75-35-4 VOC 0.00016874 0.012 --(c) - 1 -

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 --(c) - 1 -

1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 0.042 --(c) 5.40E-03 1 -

1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 --(c) 1.10E-02 1 -

2-Butanone 78-93-3 VOC 0.00055 0.00096 --(c) - 1 -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 --(c) - 1 -

Acetoned 67-64-1 VOC 0.001511507 0.000512 --(c) - 1 -

Arsenic 7440-38-2 0.003140238 0.001 1.29E-10 1.50E+00 1 1.93E-10 100
Barium 7440-39-3 0.072881156 0.001 2.98E-09 - 0.07 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 0.025 -(c) 1.40E-02 1

Cadmium 7440-43-9 -- 0.0045 0.001 1.84E-10 - 0.05 -

Carbon disulfide 75-15-0 VOC 0.00021 0.017 --(c) 1

Carbon tetrachloride 56-23-5 VOC 0.000170123 0.016 --(c) 1.30E-01 1 -

Chloride 16887-00-6 9.9702351 0.001 4.08E-07 - 1 -

Chloroform 67-66-3 VOC 0.000214204 0.0068 --(c) 3.10E-02 1 -

Chromium 7440-47-3 - 0.009493374 0.001 3.89E-10 - 0.013 -

Copper 7440-50-8 0.004884201 0.001 2.00E-10 - 1 -

Fluoride 16984-48-8 0.30080145 0.001 1.23E-08 - 1 -

Iron 7439-89-6 - 0.12126178 0.001 4.96E-09 - 1 -

Lead 7439-92-1 0.000581898 0.0001 2.38E-12 - 1 -

Manganese 7439-96-5 0.015530827 0.001 6.36E-10 - 0.04 -

Methylene chloride 75-09-2 VOC 0.002069589 0.0035 -(c) 7.50E-03 1 -

Nickel 7440-02-0 -- 0.006014142 0.0002 4.92E-1i - 0.04 -

Nitrate 14797-55-8 -- 23.863649 0.001 9.77E-07 - 1 -

Nitrite 14797-65-0 0.081906164 0.001 3.35E-09 -- 1 -

Silver 7440-22-4 -- 0.005776818 0.0006 1.42E-10 - 0.04 -

Strontium 7440-24-6 0.38364144 0.001 1.57E-08 - 1 -

Sulfate 14808-79-8 45.030868 0.001 1.84E-06---

Tetrachloroethene 127-18-4 VOC 0.000872033 0.033 -(c) 5.40E-01 1 -

Tributyl phosphate' 126-73-8 SVOC 0.012498806 0.0228 --(c) 9.20E-03 1 --

Trichloroethene 79-01-6 VOC 0.000433871 0.012 --(c) 8.90E-02 1 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 --(c) - 1 -

Uranium 7440-61-1 -- 0.016629145 0.001 6.81E-10 - 1 -

Vanadium 7440-62-2 0.012904693 0.001 5.28E-10 - 1 -

Zinc 7440-66-6 - 0.068859746 0.0006 1.69E-09 - 1 -

Total ELCR 1.93E-10 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics.)

Dermal Absorption of volatiles is presented in table C-4

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenoriofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area -- CTUIR

Cancer risk from inhalation of volatile radioactive contaminants in sweat lodge vapor

Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)

Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake inh calculated pCi

Contaminant concentration in water Cdw contaminant-specific pCi/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation ratea IR 25 m3/day
Length of sweat event ET 0.042 day/event (1hr/24hr)
Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr

a Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit CW95 UCL wIh SFib Risk %

Far-Field Exposure Area Radioactive COPC CAS # Volatile?a (pC/L) (pCi) (Risk/pCi) (unitless) Contribution
Gross alpha 12587-46-1 -- 6.4100896 --(c) -- -

Gross beta 12587-47-2 - 32.397036 --(c) -

lodine-129 15046-84-1 -- 1.9883847 --(c) 6.07E-11 -

Nickel-63 13981-37-8 4.07 -- (c) 1.64E-12 -

Protactinium-231 14331-85-2 0.308 --(c) 4.55E-08 -

Strontium-90 10098-97-2 0.611 -(c) 1.05E-10 --

Technetium-99 14133-76-7 93.996334 --(c) 1.41E-11 --

Tritium 10028-17-8 Yes 264106.86 6.52E+09 5.62E-14 3.66E-04 100
Total ELCR 3.66E-04 100

a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).
b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of nonvolatile contaminants is presented in Table C-8

- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

E PA/540/R-92/003 Risk Assessment Guidance for Superfund: Volume I -- Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)-Far-field exposure area-- CTUIR

Cancer risk from inhalation of nonvolatile radioactive contaminants in sweathouse vapor
Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)

Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Inhalation intake Imh calculated pCi

Contaminant concentration in water Cd. contaminant-specific pCi/L

Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Inhalation rate IR 25 m3/day

Length of sweat eventx ET 0.042 day/event (1hr/24hr)
Number of sweats per year EF 365 days/yr
Number of years a person sweats in a lifetime ED 68 yr

Molecular weight of water MWw 18 g/mole
Density of liquid water rhow 1000 g/L
Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m')/gmole*K)

Cancer risk calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL Il, SFi 5  Risk %

Far-Field Exposure Area Radioactive COPC CAS # Volatile?' (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution
Gross alpha 12587-46-1 - 6.4100896 2.72E+04 - --

Gross beta 12587-47-2 -- 32.397036 1.37E+05 - -

lodine-129 15046-84-1 - 1.9883847 8.42E+03 6.07E-11 5.11E-07 0.78
Nickel-63 13981-37-8 - 4.07 1.72E+04 1.64E-12 2.83E-08 0.043
Protactinium-231 14331-85-2 - 0.308 1.30E+03 4.55E-08 5.94E-05 90
Strontium-90 10098-97-2 - 0.611 2.59E+03 1.05E-10 2.72E-07 0.41
Technetium-99 14133-76-7 - 93.996334 3.98E+05 1.41E-11 5.61E-06 8.5
Tritium 10028-17-8 Yes 264106.86 --(c) 5.62E-14 -

Total ELCR 6.58E-05 100

a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).

b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of volatile contaminants in presented in table C-7
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R-92/003 Risk Assessment Guidancefor Superfund: Volume I --Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (5-Year)-Summary of CTUIR Sweat Lodge Exposure Scenario Noncancer Hazard Results for Nonradioactive CCPCs in Groundwater.

HQ (Inhalation) HQ (Dermal, Vapor, HQ (Dermal, Liquid, HQ (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? HQ (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total HI %

Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution

1,2,3,4,6,7,8-
Heptachlorodibenzodioxin 3.734E-09 --

1,2,3,4,6,7,8-
Heptachlorodibenzofuran 5.66E-09 --

1,2,3,4,7,8-
Hexachlorodibenzofuran 2.9E-09 - -

1,2,3,6,7,8-
Hexachlorodibenzofuran 2.1E-09 - -

1,2-Dichloroethane 0.00064 VOC 1.33E-05 3,30E-08 - -- 1.33E-05 3.94E-05

2,3,4,6-Tetrachlorophenol 0.0077 SVOC - - 4.47E-06 - 4.47E-06 1.33E-05

Aluminum 0.046776593 - 7.98E-02 - 1.20E-05 1.97E-09 7.99E-02 0.24

Arsenic 0.00579213 - - 3.30E+00 4.96E-03 8.13E-07 3.30E+00 9.8

Barium 0.053448218 -- - 9.12E-01 - 9.82E-04 1.61E-07 9.13E-01 2.7

Beryllium 0.000342265 - - 1.46E-01 - 6.29E-03 1.03E-06 1.52E-01 0.45

Bis(2-ethylhexyl) phthalate 0.011 SVOC -- 3.38E-06 -- -- 3.38E-06 1.00E-05

Cadmium 0.002729138 2.33E+00 2.81E-02 4.60E-06 2.36E+00 7.0

Carbon tetrachloride 0.000282669 VOC 7.40E-05 - 1.59E-06 - 7.56E-05 2.24E-04

Chloride 12.62269 - --

Chloroform 0.00038106 VOC 1.93E-04 6.36E-08 - - 1.93E-04 5.73E-04

Chromium 0.015259293 - - - 2.01E-04 3.30E-08 2.01E-04 5.96E-04

Cobalt 0.004495239 - - 6.39E+00 1.54E-03 2.53E-07 6.40E+00 19

Copper 0.004447607 - 2.86E-05 4.68E-09 2.86E-05 8.47E-05

Fluoride 0.2940596 - - 1.93E-01 -- 1.26E-03 2.07E-07 1.94E-01 0.58

Hexavalent Chromium 0.191 - -- 1.63E+01 - 1.31E+00 2.15E-04 1.76E+01 52

Iron 0.090209963 - - - 3.31E-05 5.43E-09 3.31E-05 9.82E-05

Lead 0.001548018 - - -

Manganese 0.006198141 - -- 1.06E+0 - 1.66E-03 2.72E-07 1.06E+00 3.1

Nickel 0.011729633 - - 1.11E+00 -- 7.54E-04 1.24E-07 1.11E+00 3.3

Nitrate 34.098186 - -- 1.23E-03 2.02E-07 1.24E-03 0.0037

Nitrite 0.057119962 - 4.90E-05 8.02E-09 4.90E-05 1.45E-04

Nitrogen in Nitrite and
Nitrate 14.7 - 2.36E-03 3.87E-07 2.36E-03 0.0070

Octachlorodibenzofuran 9.9649E-09 - -

Octachlorodibenzo-p-dioxin 5.8071E-09
Silver 0.005686587 - 4.39E-03 7.19E-07 4.39E-03 0.013

Strontium 0.2694514 - -- - - 1.15E-04 1.89E-08 1.15E-04 3.42E-04

Sulfate 64.094058 - --

Toluene 3.56519E-05 VOC 3.55E-07 3.39E-09 - 3.58E-07 1.06E-06

Total petroleum
hydrocarbons - gasoline
range 0.05 -- --

Trichloroethene 0.000563286 VOC 8.OOE-04 - 8.00E-04 0.0024

Uranium 0.020191069 - - 5.74E-01 - 1.73E-03 2.84E-07 5.76E-01 1.7

Vanadium 0.02186531 - - -- -1.12E-03 1.84E-07 1.12E-03 0.0033

Zinc 0.095789222 - - - 4.93E-05 8.07E-09 4.93E-05 1.46E-04

Total 1.08E-03 3.24E+01 9.54E-06 1.37E+00 2.24E-04 33.76 100

- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

Harris and Harper 2004, Exposure Scenoriofor CTUIR Traditional Subsistence Lifeways.

COPC contaminant of potential concern.
CTUIR Confederated Tribes of the Umatilla Indian Reservation.

HQ = hazard quotient.
HI = hazard index.
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SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (5-Year)--Summary of CTUIR Sweat Lodge Exposure Scenario Cancer Risk Results for Nonradioactive COPCs in Groundwater.
Risk (Inhalation) Risk (Dermal, Vapor, Risk (Dermal, Liquid, Risk (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? Risk (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total Risk %

Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution

1,2,3,4,6,7,8-
Heptachlorodibenzodioxin 3.734E-09 - 1.18E-08 -- - - 1.18E-08 9.40E-06

1,2,3,4,6,7,8-
Heptachlorodibenzofuran 5.66E-09 - - 1.78E-08 2.67E-06 4.37E-10 2.68E-06 0.0021

1,2,3,4,7,8-
Hexachlorodibenzofuran 2.9E-09 9.14E-08 2.12E-05 3.47E-09 2.13E-05 0.017

1,2,3,6,7,8-
Hexachlorodibenzofuran 2.1E-09 - 6.62E-08 1.53E-05 2.51E-09 1.54E-05 0.012
1,2-Dichloroethane 0.00064 VOC 8.04E-07 5.83E-11 - 8.04E-07 6.42E-04

2,3,4,6-Tetrachlorophenol 0.0077 SVOC - --

Aluminum 0.046776593 -- -- -

Arsenic 0.00579213 -- - 2.06E-04 - 2.17E-06 3.56E-10 2.09E-04 0.17
Barium 0.053448218 - - -

Beryllium 0.000342265 - - 6.81E-06 - - - 6.81E-06 0.0054

Bis(2-ethylhexyl) phthalate 0.011 SVOC 1.28E-06 - 9.18E-10 - 1.28E-06 0.0010
Cadmium 0.002729138 - -- 4.07E-05 - - 4.07E-05 0.033
Carbon tetrachloride 0.000282669 VOC 2.05E-07 1.40E-10 - 2.05E-07 1.64E-04

Chloride 12.62269 - - - -

Chloroform 0.00038106 VOC 4.23E-07 1.92E-11 - 4.23E-07 3.38E-04
Chromium 0.015259293 - - - -

Cobalt 0.004495239 - 3.35E-04 -- - 3.35E-04 0.27
Copper 0.004447607 - - - - - - -

Fluoride 0.2940596 - - - -

Hexavalent Chromium 0.191 - -- 1.25E-01 -- 1.25E-01 99
Iron 0.090209963 - - -

Lead 0.001548018 - - - - -

Manganese 0.006198141 - - - -- - -

Nickel 0.011729633 -- 2.53E-05 2.53E-05 0.020
Nitrate 34.098186 - - - -

Nitrite 0.057119962 - -- -

Nitrogen in Nitrite and
Nitrate 14.7 - -- -- -

Octachlorodibenzofuran 9.9649E-09 - 9.42E-10 2.55E-07 4.18E-11 2.56E-07 2.05E-04

Octachlorodibenzo-p-dioxin 5.8071E-09 - - 5.49E-10 - 6.56E-08 1.08E-11 6.62E-08 5.29E-05
Silver 0.005686587 - - - -

Strontium 0.2694514 - - - - - -

Sulfate 64.094058 - - - -

Toluene 3.56519E-05 VOC - - -

Total petroleum
hydrocarbons - gasoline
range 0.05 - - - -

Trichloroethene 0.000563286 VOC - - 1.44E-10 - 1.44E-10 1.15E-07

Uranium 0.020191069 - - - -

Vanadium 0.02186531 - - --

Zinc 0.095789222 - - - - -- -- -

Total ELCR 2.71E-06 1.25E-01 1.28E-09 4.17E-05 6.83E-09 1.25E-01 100

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment_(5-Year)-Summary of CTUIR Sweat Lodge Exposure Scenario Cancer Risk Results for Radioactive COPCs in Groundwater.
Risk (Inhalation)

COPC 95 UCL Groundwater Volatile? Risk (Inhalation) (Volatiles) (Nonvolatiles) Risk (Dermal) Total Risk %
Concentration (pCi/L) (unitless) (unitless) (unitless) (unitless) Contribution

Gross alpha 5.3264311 No - - -

lodine-129 2.708038 No - 6.96E-07 - 6.96E-07 0.18
Plutonium-239/240 0.029 No - 4.09E-06 - 4.09E-06 1.1
Protactinium-231 0.28 No - .40E-05 - 5.40E-05 14
Strontium-90 4.3004432 No 1.91E-06 - 1.91E-06 0.51
Technetium-99 1667.3497 No - 9.96E-05 - 9.96E-05 26
Tritium 156901.45 Yes 2.18 E-04 - - 2.18E-04 58
Total ELCR 2.18E-04 1.60E-04 - 3.78E-04 100

a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.
- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper 2004, Exposure Scenoriofor CTUIR TraditionalSubsistence Lifeways.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Near-field exposure area -- CTUIR

Hazard quotient and cancer risk from inhalation of VOCs/SVOCs in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake lm calculated mg/kg-day

Contaminant concentration in water C5, contaminant-specific mg/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation rate' IR 25 m5/day

Length of sweat event ET 0.042 day/event (1hr/24hr)

Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr

Average body weight BW 70 kg

Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr

Conversion factor CF 365 day/yr
a Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

Non-cancer HQcalculation

200-PO-1Groundwater Operable Unit C, 95 UCL lnh(non-cancer) RfCia Rfi HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?' (mg/L) (mg/kg-day) (mg/m) (mg/kg-day) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 - 3.734E-09 --(c) - -- -

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 -- 5.66E-09 --(c) --

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 - 2.9E-09 --(c) -- - -

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 - 2.1E-09 -(c) - -

1,2-Dichloroethane 107-06-2 VOC 0.00064 9.09E-06 2.40E+00 6.86E-01 1.33E-05 1.2

2,3,4,6-Tetrachlorophenol 58-90-2 SVOC 0.0077 1.09E-04 -- -

Aluminum 7429-90-5 0.046776593 --(c) 5.OOE-03 1.43E-03 -

Arsenic 7440-38-2 - 0.00579213 --(c) 1.50E-05 4.29E-06 -

Barium 7440-39-3 - 0.053448218 --(c) 5.OOE-04 1.43E-04 -

Beryllium 7440-41-7 - 0.000342265 --(c) 2.OOE-05 5.71E-06 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 1.56E-04 - --

Cadmium 7440-43-9 - 0.002729138 --(c) 1.OE-05 2.86E-06 -

Carbon tetrachloride 56-23-5 VOC 0.000282669 4.02E-06 1.90E-01 5.43E-02 7.40E-05 6.8

Chloride 16887-00-6 - 12.62269 --(c) - --

Chloroform 67-66-3 VOC 0.00038106 5.41E-06 9.80E-02 2.80E-02 1.93E-04 18

Chromium 7440-47-3 - 0.015259293 --(c) - -- --

Cobalt 7440-48-4 - 0.004495239 --(c) 6.OOE-06 1.71E-06 --

Copper 7440-50-8 -- 0.004447607 --(c) - --

Fluoride 16984-48-8 - 0.2940596 --(c) 1.30E-02 3.71E-03 -

Hexavalent Chromium 18540-29-9 -- 0.191 --(c) 1.00E-04 2.86E-05 -

Iron 7439-89-6 -- 0.090209963 --(c) - -

Lead 7439-92-1 - 0.001548018 --(c) - -

Manganese 7439-96-5 - 0.006198141 --(c) 5.00E-05 1.43E-05 -

Nickel 7440-02-0 - 0.011729633 --(c) 9.OOE-05 2.57E-05 -

Nitrate 14797-55-8 - 34.098186 --(c) - - -

Nitrite 14797-65-0 - 0.057119962 --(c) - - -

Nitrogen in Nitrite and Nitrate N02+NO3-N - 14.7 --(c) -- --

Octachlorodibenzofuran 39001-02-0 - 9.9649E-09 --(c) -- - -

Octachlorodibenzo-p-dioxin 3268-87-9 - 5.8071E-09 --(c) - --

Silver 7440-22-4 - 0.005686587 --(c) - -

Strontium 7440-24-6 - 0.2694514 --(c) - --

Sulfate 14808-79-8 - 64.094058 --(c) - -

Toluene 108-88-3 VOC 3.56519E-05 5.07E-07 5.OOE+00 1.43E+00 3.55E-07 0.033

Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 --(c) - - -
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Trichloroethene
Uranium

Vanadium
in

79-01-6
7440-61-1
7440-62-2

VOC 0.000563286
0.020191069
0.02186531

8.OOE-06

1II--)

3.50E-02
3.OOE-04

1.00E-02
8.57E-05

8.OOE-04 74

I nc 7440-66-6 -0.09578922213E0 II
Total 1.0E-03 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

Inhalation of nonvolatile chemicals is presented in Table C-11
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA 540/1-89/002 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lfeways.
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1Groundwater Operable Unit Cd, 95 UCL lfh(cancer) IUR' SFib Risk %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (pg/m3V1  (kg-day/mg) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 -- 3.734E-09 --(c) 3.80E-01 1.33E+03 --

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 -- 5.66E-09 --(c) 3.80E-01 1.33E+03 --

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 - 2.9E-09 --(c) 3.80E+00 1.33E+04 --

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 - 2.1E-09 --(c) 3.80E+00 1.33E+04 -

1,2-Dichloroethane 107-06-2 VOC 0.00064 8.83E-06 2.60E-05 9.10E-02 8.04E-07 30
2,3,4,6-Tetrachlorophenol 58-90-2 SVOC 0.0077 1.06E-04 - - -

Aluminum 7429-90-5 - 0.046776593 --(c) - - -

Arsenic 7440-38-2 0.00579213 --(c) 4.30E-03 1.51E+01 -

Barium 7440-39-3 0.053448218 --(c) -- - -

Beryllium 7440-41-7 0.000342265 --(c) 2.40E-03 8.40E+00 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 1.52E-04 2.40E-06 8.40E-03 1.28E-06 47
Cadmium 7440-43-9 - 0.002729138 --(c) 1.80E-03 6.30E+00 -

Carbon tetrachloride 56-23-5 VOC 0.000282669 3.90E-06 1.50E-05 5.25E-02 2.05E-07 7.6
Chloride 16887-00-6 - 12.62269 --(c) - - --

Chloroform 67-66-3 VOC 0.00038106 5.26E-06 2.30E-05 8.05E-02 4.23E-07 16
Chromium 7440-47-3 - 0.015259293 --(c) - -- -

Cobalt 7440-48-4 - 0.004495239 --(c) 9.OOE-03 3.15E+01 -

Copper 7440-50-8 - 0.004447607 --(c) - -- --

Fluoride 16984-48-8 - 0.2940596 --(c) - - -

Hexavalent Chromium 18540-29-9 - 0.191 --(c) 8.40E-02 2.94E+02 -

Iron 7439-89-6 - 0.090209963 --(c) - - -

Lead 7439-92-1 - 0.001548018 --(c) - -

Manganese 7439-96-5 0.006198141 --(c) -

Nickel 7440-02-0 -- 0.011729633 --(c) 2.60E-04 9.10E-01 -

Nitrate 14797-55-8 - 34.098186 --(c) -- -

Nitrite 14797-65-0 - 0.057119962 --(c) -- --

Nitrogen in Nitrite and Nitrate N02+NO3-N - 14.7 --(c) - - -

Octachlorodibenzofuran 39001-02-0 - 9.9649E-09 --(c) 1.14E-02 3.99E+01 -

Octachlorodibenzo-p-dioxin 3268-87-9 -- 5.8071E-09 --(c) 1.14E-02 3.99E+01 -

Silver 7440-22-4 - 0.005686587 --(c)
Strontium 7440-24-6 - 0.2694514 --(c) -- .-- -

Sulfate 14808-79-8 -- 64.094058 --(c) - -- -

Toluene 108-88-3 VOC 3.56519E-05 4.92E-07 - -. -

Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 --(c) -- - -

Trichloroethene 79-01-6 VOC 0.000563286 --(c) 2.50E-05 8.75E-02 -

Uranium 7440-61-1 0.020191069 2.79E-04 - -- -

Vanadium 7440-62-2 - 0.02186531 --(c) - - -

Zinc 7440-66-6 - 0.095789222 --(c) - - -

Total ELCR 2.71E-06 100
a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

c Inhalation of nonvolatile chemicals is presented in Table C-11
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA 540/1-89/002 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Near-field exposure area -- CTUIR

Hazard quotient and cancer risk from inhalation of non-VOCs in sweat lodge vapor

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 2)

Cdw values taken from ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake 'inh calculated mg/kg-day

Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m3)/gmole*K)

Inhalation rates IR 25 m3/day

Length of sweat event ET 0.042 day/event (1hr/24hr)

Number of sweats per year EF 365 days/yr

Exposure duration ED 68 yr

Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr

Conversion Factor CF 365 day/yr
Contaminant concentration Cdw contaminant-specific mg/L

Molecular weight of water MWw 18 g/mole

Density of liquid water rhow 1000 g/L

a Harris (2008)

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL ldA(non-cancer) RfCia RfDi HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?" (mg/L) (mg/kg-day) (mg/m 3) (mg/kg-day) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 3.734E-09 9.10E-12 -- - --

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 -- 5.66E-09 1.38E-1 -- -- --

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 2.9E-09 7.07E-12 -- -- --

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 -- 2.1E-09 5.12E-12 -- -- --

1,2-Dichloroethane 107-06-2 VOC 0.00064 --(c) 2.40E+00 6.86E-01 --

2,3,4,6-Tetrachlorophenol 58-90-2 SVOC 0.0077 --(c) -- -- --

Aluminum 7429-90-5 -- 0.046776593 1.14E-04 5.OOE-03 1.43E-03 7.98E-02 0.25

Arsenic 7440-38-2 0.00579213 1.41E-05 1.50E-05 4.29E-06 3.30E+00 10

Barium 7440-39-3 -- 0.053448218 1.30E-04 5.OOE-04 1.43E-04 9.12E-01 2.8

Beryllium 7440-41-7 0.000342265 8.35E-07 2.OOE-05 5.71E-06 1.46E-01 0.45

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 --(c) - --

Cadmium 7440-43-9 -- 0.002729138 6.65E-06 1.OE-05 2.86E-06 2.33E+00 7.2

Carbon tetrachloride 56-23-5 VOC 0.000282669 --(c) 1.90E-01 5.43E-02 -

Chloride 16887-00-6 -- 12.62269 3.08E-02 - --

Chloroform 67-66-3 VOC 0.00038106 --(c) 9.80E-02 2.80E-02 --

Chromium 7440-47-3 -- 0.015259293 3.72E-05 - -

Cobalt 7440-48-4 -- 0.004495239 1.10E-05 6.OOE-06 1.71E-06 6.39E+00 20

Copper 7440-50-8 0.004447607 1.08E-05

Fluoride 16984-48-8 0.2940596 7.17E-04 1.30E-02 3.71E-03 1.93E-01 0.60

Hexavalent Chromium 18540-29-9 -- 0.191 4.66E-04 1.00E-04 2.86E-05 1.63E+01 50

Iron 7439-89-6 -- 0.090209963 2.20E-04 - -- --

Lead 7439-92-1 0.001548018 3.77E-06 - -- -

Manganese 7439-96-5 -- 0.006198141 1.51E-05 5.OOE-05 1.43E-05 1.06E+00 3.3

Nickel 7440-02-0 -- 0.011729633 2.86E-05 9.OOE-05 2.57E-05 1.11E+00 3.4

Nitrate 14797-55-8 -- 34.098186 8.31E-02 -- -- --

Nitrite 14797-65-0 -- 0.057119962 1.39E-04 - - --

Nitrogen in Nitrite and Nitrate N02+NO3-N -- 14.7 3.58E-02 -- --

Octachlorodibenzofuran 39001-02-0 -- 9.9649E-09 2.43E-11 - -- -

Octachlorodibenzo-p-dioxin 3268-87-9 -- 5.8071E-09 1.42E-11 -- -- -

Silver 7440-22-4 -- 0.005686587 1.39E-05 - -- --

Strontium 7440-24-6 -- 0.2694514 6.57E-04 -- -- --

Sulfate 14808-79-8 64.094058 1.56E-01 - -

Toluene 108-88-3 VOC 3.56519E-05 --(c) 5.OOE+00 1.43E+00 --

Total petroleum hydrocarbons - gasoline range TPHGASOLINE -- 0.05 1.22E-04 - -

Trichloroethene 79-01-6 VOC 0.000563286 --(c) 3.50E-02 1.OOE-02 --

Uranium 7440-61-1 -- 0.020191069 4.92E-05 3.OOE-04 8.57E-05 5.74E-01 1.8

Vanadium 7440-62-2 0.02186531 5.33E-05 - -- -

Zinc 7440-66-6 -- 0.095789222 2.34E-04 -- -

Total 32.4 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm

b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

cInhalation of volatile compounds in vapor is presented in Table C-10
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cdw 95 UCL ld,(cancer) IUR' SF1b Risk %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (mg/kg-day) (pg/m
3)-' (kg-day/mg) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 -- 3.734E-09 8.84E-12 3.80E-01 1.33E+03 1.18E-08 9.40E-06

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 5.66E-09 1.34E-11 3.80E-01 1.33E+03 1.78E-08 1.42E-05

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 -- 2.9E-09 6.87E-12 3.80E+00 1.33E+04 9.14E-08 7.30E-05

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 -- 2.1E-09 4.97E-12 3.80E+00 1.33E+04 6.62E-08 5.29E-05

1,2-Dichloroethane 107-06-2 VOC 0.00064 --(c) 2.60E-05 9.10E-02 --

2,3,4,6-Tetrachlorophenol 58-90-2 SVOC 0.0077 --(c) -- - --

Aluminum 7429-90-5 -- 0.046776593 1.11E-04 -- --

Arsenic 7440-38-2 -- 0.00579213 1.37E-05 4.30E-03 1.51E+01 2.06E-04 0.16

Barium 7440-39-3 -- 0.053448218 1.27E-04 -- -- --

Beryllium 7440-41-7 -- 0.000342265 8.11E-07 2.40E-03 8.40E+00 6.81E-06 0.0054

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 --(c) 2.40E-06 8.40E-03 --

Cadmium 7440-43-9 -- 0.002729138 6.46E-06 1.80E-03 6.30E+00 4.07E-05 0.033

Carbon tetrachloride 56-23-5 VOC 0.000282669 --(c) 1.50E-05 5.25E-02 --

Chloride 16887-00-6 -- 12.62269 2.99E-02 -- --

Chloroform 67-66-3 VOC 0.00038106 --(c) 2.30E-05 8.05E-02 --

Chromium 7440-47-3 0.015259293 3.61E-05 -- --

Cobalt 7440-48-4 -- 0.004495239 1.06E-05 9.OOE-03 3.15E+01 3.35E-04 0.27

Copper 7440-50-8 -- 0.004447607 1.05E-05 -- --

Fluoride 16984-48-8 0.2940596 6.97E-04 -- --

Hexavalent Chromium 18540-29-9 -- 0.191 4.52E-04 8.40E-02 2.94E+02 1.25E-01 100

Iron 7439-89-6 -- 0.090209963 2.14E-04 -- --

Lead 7439-92-1 -- 0.001548018 3.67E-06 -- -- --

Manganese 7439-96-5 -- 0.006198141 1.47E-05 -- -- --

Nickel 7440-02-0 -- 0.011729633 2.78E-05 2.60E-04 9.10E-01 2.53E-05 0.020

Nitrate 14797-55-8 -- 34.098186 8.08E-02 -- -- --

Nitrite 14797-65-0 -- 0.057119962 1.35E-04 -- --

Nitrogen in Nitrite and Nitrate N02+NO3-N -- 14.7 3.48E-02 -- -- --

Octachlorodibenzofuran 39001-02-0 -- 9.9649E-09 2.36E-11 1.14E-02 3.99E+01 9.42E-10 7.52E-07

Octachlorodibenzo-p-dioxin 3268-87-9 -- 5.8071E-09 1.38E-11 1.14E-02 3.99E+01 5.49E-10 4.39E-07

Silver 7440-22-4 -- 0.005686587 1.35E-05 -- --

Strontium 7440-24-6 -- 0.2694514 6.38E-04 -- --

Sulfate 14808-79-8 -- 64.094058 1.52E-01 -- -- --

Toluene 108-88-3 VOC 3.56519E-05 -- (c) -- --

Total petroleum hydrocarbons - gasoline range TPHGASOLINE -- 0.05 1.18E-04 -- --

Trichloroethene 79-01-6 VOC 0.000563286 --(c 2.50E-05 8.75E-02 -

Uranium 7440-61-1 0.020191069 4.78E-05 -- -- --

Vanadium 7440-62-2 -- 0.02186531 5.18E-05 -- --

Zinc 7440-66-6 0.095789222 2.27E-04 -- -- --

Total ELCR 1.25E-01 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

Inhalation of volatile compounds in vapor is presented in Table C-10
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Harris and Harper, 2004, Exposure Scenoriofor CTUIR Traditional Subsistence Lifewoys

COPC contaminant of potential concern.

ELCR = excess lifetime cancer risk.
SVOC semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1groundwater operable unit Native American Risk Assessment (5-Year)--Near-field exposure area-- CTUIR

Hazard quotient and cancer risk from dermal exposure to VOCs/SVOCs in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water (ld,l)
can be neglected and total dermal intake (Idtotal) is equal to dermal intake from VOCs/SVOCs in sweat lodge vapor (ld,v)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 3)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Dermal absorption intake from vapor ldd calculated mg/kg-day
Contaminant concentration in water Cdw contaminant-specific mg/L

Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Body surface area available for contact SA 1.8 m2
Permeability constant Kp contaminant-specific cm/hr
Length of sweat event ET 1 hr/event

Number of sweats per year EF 365 events/yr
Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF1 0.01 m/cm
Conversion factor CF2 365 day/yr

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit VCC95/UCLSKpV ,,(non-cancer) RfDo GIABSa HQ%

Near-Field Exposure Area Nonradioactive COPC CAS # 95VOC/SVOC?C(mg/L) I (cm/hr) (mg/kg-day) I(mg/kg-day) I (unitess) HO(unites)IContribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxin

1,2,3,4,6,7,8-Heptachlorodibenzofurand

1,2,3,4,7,8-Hexachlorodibenzofurand
1,2,3,6,7,8-Hexachlorodibenzofuranc
1,2-Dichloroethane

2,3,4,6-Tetrachlorophenold
Aluminum
Arsenic
Barium
Beryllium
Bis(2-ethylhexyl) phthalate
Cadmium
Carbon tetrachloride
Chloride
Chloroform
Chromium
Cobalt
Copper
Fluoride
Hexavalent Chromium
Iron
Lead
Manganese
Nickel
Nitrate
Nitrite
Nitrogen in Nitrite and Nitrate

Octachlorodibenzofurand

Octachlorodibenzo-p-dioxin d
Silver
Strontium
Sulfate
Toluene
Total petroleum hydrocarbons - gasoline range

35822-46-9

67562-39-4

70648-26-9
57117-44-9

107-06-2

58-90-2
7429-90-5
7440-38-2
7440-39-3
7440-41-7
117-81-7

7440-43-9
56-23-5

16887-00-6
67-66-3

7440-47-3
7440-48-4
7440-50-8

16964-48-8
18540-29-9
7439-89-6
7439-92-1
7439-96-5
7440-02-0
14797-55-8
14797-65-0

N02+NO3-N

39001-02-0

3268-87-9
7440-22-4
7440-24-6
14808-79-8
108-88-3

TPHGASOLINE

VOC

SVOC

SVOC

VOC

VOC

VOC

3.734E-09

5.66E-09

2.9E-09
2.1E-09
0.00064

0.0077
0.046776593
0.00579213

0.053448218
0.000342265

0.011
0.002729138
0.000282669

12.62269
0.00038106

0.015259293
0.004495239
0.004447607
0.2940596

0.191
0.090209963
0.001548018
0.006198141
0.011729633

34.098186
0.057119962

14.7

9.9649E-09

5.8071E-09
0.005686587

0.2694514
64.094058

3.56519E-05
0.05

1.45

2.25
2.25

0.0042

0.071
0.001
0.001
0.001
0.001
0.025
0.001
0.016
0.001

0.0068
0.001

0.0004
0.001
0.001
0.002
0.001

0.0001
0.001

0.0002
0.001
0.001
0.001

2.63

1.16
0.0006
0.001
0.001
0.031

6.60E-10

1.34E-07

--(c)

1.11E-09

--(c)
6.36E-10

2.71lE-10

--(c)

2.OOE-02

3.OOE-02
1.OOE+00
3.OOE-04
2.OOE-01
2.OOE-03
2.OOE-02
5.OOE-04
7.OOE-04

1.OOE-02
1.50E+00
3.OOE-04
4.OOE-02
6.OOE-02
3.OOE-03
7.OOE-01

2.40E-02
2.OOE-02
7.10E+00
3.OOE-01
1.60E+00

5.OOE-03
6.OOE-01

8.OOE-02

1

1

1
1
1

1
1
1

0.07
0.007

1
0.05

13
1
1

0.013
1
1
1

0.025
1
1

0.04
0.04

1
1
1

1

1
0.04

1

1

3.30E-08

4.47E-06

3.38E-06

1.59E-06

6.36E-08

3.39E-09

0.35

47

35

17

0.67

0.036
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Trichloroethene 79-01-6 VOC 0.000563286 0.012 1.66E-09 -- 1
Uranium 7440-61-1 -- 0.020191069 0.001 --(c) 3.OOE-03 1
Vanadium 7440-62-2 -- 0.02186531 0.001--(c) 5.OOE-03 1
Zinc 7440-66-6 -- 0.095789222 0.0006 --(c) 3.OOE-01 1
Total 9.54E-06 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics ).
C Dermal absorption of nonvolatile chemicals in sweat lodge vapor is presented in Table C-14
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.

HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1Groundwater Operable Unit Cd,
95 UCL Kp Id,(cancer) CSFoa GIABS' Risk %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? 0  (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)
4  (unitless) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 - 3.734E-09 --(c) 1.30E+03 1

1,2,3,4,6,7,8-Heptachlorodibenzofurand 67562-39-4 - 5.66E-09 1.45 --(c) 1.30E+03 1 --

1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 - 2.9E-09 2.25 --(c) 1.30E+04 1 -

1,2,3,6,7,8-Hexachlorodibenzofuranc 57117-44-9 - 2.1E-09 2.25 -(c) 1.30E+04 1 --

1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 6.41E-10 9.10E-02 1 5.83E-11 4.6

2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 1.30E-07 - 1
Aluminum 7429-90-5 - 0.046776593 0.001 --(c) - 1
Arsenic 7440-38-2 - 0.00579213 0.001 --(c) 1.50E+00 1 -

Barium 7440-39-3 -- 0.053448218 0.001 --(c) -- 0.07 --

Beryllium 7440-41-7 - 0.000342265 0.001 --(c) - 0.007 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 6.56E-08 1.40E-02 1 9.18E-10 72
Cadmium 7440-43-9 -- 0.002729138 0.001 -(c) - 0.05 -

Carbon tetrachloride 56-23-5 VOC 0.000282669 0.016 1.08E-09 1.30E-01 1 1.40E-10 11
Chloride 16887-00-6 - 12.62269 0.001 --(c) - 1 -

Chloroform 67-66-3 VOC 0.00038106 0.0068 6.18E-10 3.10E-02 1 1.92E-11 1.5
Chromium 7440-47-3 - 0.015259293 0.001 --(c) - 0.013 -

Cobalt 7440-48-4 - 0.004495239 0.0004 --(c) -- 1 -

Copper 7440-50-8 - 0.004447607 0.001 --(c) - 1 -

Fluoride 16984-48-8 -- 0.2940596 0.001 --(c) -- 1 --

Hexavalent Chromium 18540-29-9 - 0.191 0.002 --(c) - 0.025 -

Iron 7439-89-6 - 0.090209963 0.001 --(c) - 1
Lead 7439-92-1 0.001548018 0.0001 -(c) - 1 -

Manganese 7439-96-5 - 0.006198141 0.001 --(c) -- 0.04 -

Nickel 7440-02-0 - 0.011729633 0.0002 --(c) 0.04 -

Nitrate 14797-55-8 - 34.098186 0.001 --(c) -- 1 -

Nitrite 14797-65-0 - 0.057119962 0.001 -(c) 1 -

Nitrogen in Nitrite and Nitrate N02+N03-N - 14.7 0.001 --(c) 1 -

Octachlorodibenzofurand 39001-02-0 - 9.9649E-09 2.63 --(c) 3.90E+01 1 -

Octachlorodibenzo-p-dioxind 3268-87-9 - 5.8071E-09 1.16 --(c) 3.90E+01 1
Silver 7440-22-4 -- 0.005686587 0.0006 -(c) -- 0.04 -

Strontium 7440-24-6 - 0.2694514 0.001 --(c) - 1 -

Sulfate 14808-79-8 64.094058 0.001 -(c) - - -

Toluene 108-88-3 VOC 3.56519E-05 0.031 2.64E-10 - 1 -

Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 -4 (c) - - -

Trichloroethene 79-01-6 VOC 0.000563286 0.012 1.61E-09 8.90E-02 1 1.44E-10 11
Uranium 7440-61-1 - 0.020191069 0.001 --(c) - 1 -

Vanadium 7440-62-2 - 0.02186531 0.001 --(c) - 1 -

Zinc 7440-66-6 - 0.095789222 0.0006 --(c) - 1
Total ELCR 1.28E-09 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

c Dermal absorption of nonvolatile chemicals in sweat lodge vapor is presented in Table C-14
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.orni.gov

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1groundwater operable unit Native American Risk Assessment (5-Year)--Near-field exposure area -- CTUIR

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge condensed water

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4)
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
Model assumes concentration of nonvolatiles in condensed water is equal to concentration in water used to create steam

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4)
Cdw values taken from ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Dermal absorption intake from liquid I calculated mg/kg-day

Contaminant concentration in water Cdw contaminant-specific mg/L

Body surface area available for contact SA 1.8 m2
Permeability constant Kp contaminant-specific cm/hr
Length of sweat event ET 1 hr/event
Number of sweats per year EF 365 events/yr
Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF2 365 day/yr

Conversion factor CF3 10 L/m
2

cm

Non-cancer H Qcalculation

200-PO-1 Groundwater Operable Unit Cdw 95 UCL Kp ldl(non-cancer) RfDo' GIABS' HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 - 3.734E-09 -- -- -- 1 --

1,2,3,4,6,7,8-Heptachlorodibenzofurand 67562-39-4 -- 5.66E-09 1.45 2.11E-09 - 1 -

1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 - 2.9E-09 2.25 1.68E-09 1 -

1,2,3,6,7,8-Hexachlorodibenzofurand 57117-44-9 -- 2.1E-09 2.25 1.22E-09 - 1
1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 --(c) 2.OOE-02 1 -

2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 --(c) 3.OOE-02 1 --

Aluminum 7429-90-5 -- 0.046776593 0.001 1.20E-05 1.00E+00 1 1.20E-05 8.80E-04
Arsenic 7440-38-2 - 0.00579213 0.001 1.49E-06 3.OOE-04 1 4.96E-03 0.36
Barium 7440-39-3 -- 0.053448218 0.001 1.37E-05 2.00E-01 0.07 9.82E-04 0.072
Beryllium 7440-41-7 - 0.000342265 0.001 8.80E-08 2.OOE-03 0.007 6.29E-03 0.46
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 --(c) 2.OOE-02 1 -

Cadmium 7440-43-9 - 0.002729138 0.001 7.02E-07 5.OOE-04 0.05 2.81E-02 2.1
Carbon tetrachloride 56-23-5 VOC 0.000282669 0.016 --(c) 7.OOE-04 1 -

Chloride 16887-00-6 - 12.62269 0.001 3.25E-03 - 1
Chloroform 67-66-3 VOC 0.00038106 0.0068 --(c) 1.OOE-02 1 -

Chromium 7440-47-3 - 0.015259293 0.001 3.92E-06 1.50E+00 0.013 2.01E-04 0.015
Cobalt 7440-48-4 0.004495239 0.0004 4.62E-07 3.OOE-04 1 1.54E-03 0.11
Copper 7440-50-8 - 0.004447607 0.001 1.14E-06 4.OOE-02 1 2.86E-05 0.0021
Fluoride 16984-48-8 - 0.2940596 0.001 7.56E-05 6.OOE-02 1 1.26E-03 0.092
Hexavalent Chromium 18540-29-9 0.191 0.002 9.82E-05 3.OOE-03 0.025 1.31E+00 96
Iron 7439-89-6 - 0.090209963 0.001 2.32E-05 7.OOE-01 1 3.31E-05 0.0024
Lead 7439-92-1 - 0.001548018 0.0001 3.98E-08 -- 1 -

Manganese 7439-96-5 - 0.006198141 0.001 1.59E-06 2.40E-02 0.04 1.66E-03 0.12
Nickel 7440-02-0 0.011729633 0.0002 6.03E-07 2.OOE-02 0.04 7.54E-04 0.055
Nitrate 14797-55-8 - 34.098186 0.001 8.77E-03 7.10E+00 1 1.23E-03 0.090
Nitrite 14797-65-0 - 0.057119962 0.001 1.47E-05 3.OOE-01 1 4.90E-05 0.0036
Nitrogen in Nitrite and Nitrate N02+NO3-N 14.7 0.001 3.78E-03 1.60E+00 1 2.36E-03 0.17

Octachlorodibenzofurand 39001-02-0 - 9.9649E-09 2.63 6.74E-09 -- 1

Octachlorodibenzo-p-dioxind 3268-87-9 5.8071E-09 1.16 1.73E-09 -- 1 -

Silver 7440-22-4 0.005686587 0.0006 8.77E-07 5.OOE-03 0.04 4.39E-03 0.32
Strontium 7440-24-6 0.2694514 0.001 6.93E-05 6.OOE-01 1 1.15E-04 0.0085
Sulfate 14808-79-8 64.094058 0.001 1.65E-02 - - -

Toluene 108-88-3 VOC 3.56519E-05 0.031 --(c) 8.OOE-02 1
Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 - - -- - -
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Trichloroethene 79-01-6 VOC 0.000563286 0.012 --(c) - 1
Uranium 7440-61-1 -- 0.020191069 0.001 5.19E-06 3.OOE-03 1 1.73E-03 0.13
Vanadium 7440-62-2 - 0.02186531 0.001 5.62E-06 5.OOE-03 1 1.12E-03 0.082
Zinc 7440-66-6 - 0.095789222 0.0006 1.48E-05 3.OOE-01 1 4.93E-05 0.0036
Total 1.37 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
E PA/540/R//99/005 Risk Assessment GuidanceforSuperfund Volume I: Human Health Evaluation Manual (PartE, Supplemental Guidancefor Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1Groundwater Operable Unit C 95 UCL Kp la i(cancer) CSFo' GIABS' Risk %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)5  (unitless) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 - 3.734E-09 - 1.30E+03 1 -

1,2,3,4,6,7,8-Heptachlorodibenzofurand 67562-39-4 -- 5.66E-09 1.45 2.05E-09 1.30E+03 1 2.67E-06 6.4

1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 - 2.9E-09 2.25 1.63E-09 1.30E+04 1 2.12E-05 51

1,2,3,6,7,8-Hexachlorodibenzofurand 57117-44-9 - 2.1E-09 2.25 1.18E-09 1.30E+04 1 1.53E-05 37
1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 --(c) 9.10E-02 1

2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 --(c) - 1 -

Aluminum 7429-90-5 - 0.046776593 0.001 1.17E-05 - 1 -

Arsenic 7440-38-2 - 0.00579213 0.001 1.45E-06 1.50E+00 1 2.17E-06 5.2
Barium 7440-39-3 - 0.053448218 0.001 1.34E-05 0.07 -

Beryllium 7440-41-7 - 0.000342265 0.001 8.55E-08 - 0.007
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 --(c) 1.40E-02 1 --

Cadmium 7440-43-9 - 0.002729138 0.001 6.82E-07 0.05
Carbon tetrachloride 56-23-5 VOC 0.000282669 0.016 --(c) 1.30E-01 1 -

Chloride 16887-00-6 - 12.62269 0.001 3.15E-03 1
Chloroform 67-66-3 VOC 0.00038106 0.0068 --(c) 3.10E-02 1
Chromium 7440-47-3 - 0.015259293 0.001 3.81E-06 0.013 -

Cobalt 7440-48-4 -- 0.004495239 0.0004 4.49E-07 -- 1 -

Copper 7440-50-8 -- 0.004447607 0.001 1.11E-06 - 1
Fluoride 16984-48-8 - 0.2940596 0.001 7.35E-05 - 1 -

Hexavalent Chromium 18540-29-9 - 0.191 0.002 9.54E-05 0.025 -

Iron 7439-89-6 - 0.090209963 0.001 2.25E-05 -- 1 -

Lead 7439-92-1 0.001548018 0.0001 3.87E-08 -- 1
Manganese 7439-96-5 -- 0.006198141 0.001 1.55E-06 - 0.04 -

Nickel 7440-02-0 - 0.011729633 0.0002 5.86E-07 - 0.04 --

Nitrate 14797-55-8 - 34.098186 0.001 8.52E-03 - 1 --

Nitrite 14797-65-0 -- 0.057119962 0.001 1.43E-05 - 1 -

Nitrogen in Nitrite and Nitrate N02+NO3-N - 14.7 0.001 3.67E-03 - 1 --

Octachlorodibenzofurand 39001-02-0 - 9.9649E-09 2.63 6.55E-09 3.90E+01 1 2.55E-07 0.61

Octachlorodibenzo-p-dioxind 3268-87-9 - 5.8071E-09 1.16 1.68E-09 3.90E+01 1 6.56E-08 0.16
Silver 7440-22-4 - 0.005686587 0.0006 8.52E-07 0.04 -

Strontium 7440-24-6 -- 0.2694514 0.001 6.73E-05 - 1 -

Sulfate 14808-79-8 - 64.094058 0.001 1.60E-02 - - -

Toluene 108-88-3 VOC 3.56519E-05 0.031 -(c) 1 -

Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 - - - --

Trichloroethene 79-01-6 VOC 0.000563286 0.012 --(c) 8.90E-02 1 -

Uranium 7440-61-1 -- 0.020191069 0.001 5.04E-06 1 -

Vanadium 7440-62-2 - 0.02186531 0.001 5.46E-06 - 1
Zinc 7440-66-6 - 0.095789222 0.0006 1.44E-05 -- 1 -

Total ELCR 4.17E-05 100
a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/Generic_Tables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
H arris a nd Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1groundwater operable unit Native American Risk Assessment (5-Year)--Near-field exposure area -- CTUIR

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4)

Cdw values taken from ECF-200PO1-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from vapor l'd calculated mg/kg-day

Body surface area available for contact SA 1.8 m2

Permeability constant Kp contaminant-specific cm/hr
Length of sweat event ET 1 hr/day

Number of sweats per year EF 365 days/yr
Exposure duration ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Contaminant concentration Cdw contaminant-specific mg/L
Molecular weight of water MWw 18 g/mole
Ideal gas law constant R 62.37 (mmHg-L)/(gmole-K)
Temperature of the sweat lodge T 338.7 K
Density of liquid water rhow 1000 g/L
Conversion factor CF2  365 day/yr

Conversion factor CF3 10 L/m 2-cm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL KPb 1,,(non-cancer) RfDo' GIABS' HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?' (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 - 3.734E-09 - --- - 1 -

1,2,3,4,6,7,8-Heptachlorodibenzofurand 67562-39-4 -- 5.66E-09 1.45 3.46E-13 -- 1 --

1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 -- 2.9E-09 2.25 2.75E-13 - 1 --

1,2,3,6,7,8-Hexachlorodibenzofurand 57117-44-9 -- 2.IE-09 2.25 1.99E-13 -- 1 --

1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 --(c) 2.OOE-02 1 --

2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 --(c) 3.OOE-02 1 --

Aluminum 7429-90-5 -- 0.046776593 0.001 1.97E-09 1.OOE+00 1 1.97E-09 8.80E-04
Arsenic 7440-38-2 -- 0.00579213 0.001 2.44E-10 3.OOE-04 1 8.13E-07 0.36
Barium 7440-39-3 -- 0.053448218 0.001 2.25E-09 2.OOE-01 0.07 1.61E-07 0.072
Beryllium 7440-41-7 -- 0.000342265 0.001 1.44E-11 2.OOE-03 0.007 1.03E-06 0.46
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 --(c) 2.OOE-02 1 --

Cadmium 7440-43-9 -- 0.002729138 0.001 1.15E-10 5.00E-04 0.05 4.60E-06 2.1
Carbon tetrachloride 56-23-5 VOC 0.000282669 0.016 --(c) 7.OOE-04 1 --

Chloride 16887-00-6 12.62269 0.001 5.32E-07 -- 1 -

Chloroform 67-66-3 VOC 0.00038106 0.0068 --(c) 1.00E-02 1 -

Chromium 7440-47-3 -- 0.015259293 0.001 6.43E-10 1.50E+00 0.013 3.30E-08 0.015
Cobalt 7440-48-4 0.004495239 0.0004 7.58E-11 3.00E-04 1 2.53E-07 0.11
Copper 7440-50-8 -- 0.004447607 0.001 1.87E-10 4.OOE-02 1 4.68E-09 0.0021
Fluoride 16984-48-8 -- 0.2940596 0.001 1.24E-08 6.OOE-02 1 2.07E-07 0.092
Hexavalent Chromium 18540-29-9 -- 0.191 0.002 1.61E-08 3.OOE-03 0.025 2.15E-04 96
Iron 7439-89-6 - 0.090209963 0.001 3.80E-09 7.OOE-01 1 5.43E-09 0.0024
Lead 7439-92-1 - 0.001548018 0.0001 6.52E-12 - 1 -

Manganese 7439-96-5 0.006198141 0.001 2.61E-10 2.40E-02 0.04 2.72E-07 0.12
Nickel 7440-02-0 - 0.011729633 0.0002 9.88E-11 2.OOE-02 0.04 1.24E-07 0.055
Nitrate 14797-55-8 -- 34.098186 0.001 1.44E-06 7.10E+00 1 2.02E-07 0.090
Nitrite 14797-65-0 -- 0.057119962 0.001 2.41E-09 3.OOE-01 1 8.02E-09 0.0036
Nitrogen in Nitrite and Nitrate N02+NO3-N -- 14.7 0.001 6.19E-07 1.60E+00 1 3.87E-07 0.17

Octachlorodibenzofuran' 39001-02-0 - 9.9649E-09 2.63 1.10E-12 -- 1 -

Octachlorodibenzo-p-dioxin' 3268-87-9 - 5.8071E-09 1.16 2.84E-13 -- 1 -

Silver 7440-22-4 -- 0.005686587 0.0006 1.44E-10 5.00E-03 0.04 7.19E-07 0.32
Strontium 7440-24-6 - 0.2694514 0.001 1.14E-08 6.00E-01 1 1.89E-08 0.0085
Sulfate 14808-79-8 - 64.094058 0.001 2.70E-06 -- -- -

Toluene 108-88-3 VOC 3.56519E-05 0.031 --(c) 8.00E-02 1 -

Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 -- -- -- -- -

Trichloroethene 79-01-6 VOC 0.000563286 0.012 --(c) - 1 --

Uranium 7440-61-1 0.020191069 0.001 8.51E-10 3.OOE-03 1 2.84E-07 0.13
Vanadium 7440-62-2 - 0.02186531 0.001 9.21E-10 5.OOE-03 1 1.84E-07 0.082
Zinc 7440-66-6 - 0.095789222 0.0006 2.42E-09 3.00E-01 1 8.07E-09 0.0036
Total 2.239E-04 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

cModel assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
E PA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ= hazard quotient.

SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1Groundwater Operable Unit Caw 95 UCL Kpb Id,(cancer) CSFo' GIABS' Risk %

(mg/kg-day)^

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (cm/hr) (mg/kg-day) I (unitless) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 -- 3.734E-09 -- -- 1.30E+03 1 --

1,2,3,4,6,7,8-Heptachlorodibenzofurand 67562-39-4 -- 5.66E-09 1.45 3.36E-13 1.30E+03 1 4.37E-10 6.4

1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 2.9E-09 2.25 2.67E-13 1.30E+04 1 3.47E-09 51

1,2,3,6,7,8-Hexachlorodibenzofurand 57117-44-9 -- 2.1E-09 2.25 1.93E-13 1.30E+04 1 2.51E-09 37

1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 --(c) 9.10E-02 1 --

2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 --(c) - 1 --

Aluminum 7429-90-5 -- 0.046776593 0.001 1.91E-09 -- 1 --

Arsenic 7440-38-2 0.00579213 0.001 2.37E-10 1.50E+00 1 3.56E-10 5.2

Barium 7440-39-3 -- 0.053448218 0.001 2.19E-09 -- 0.07 --

Beryllium 7440-41-7 - 0.000342265 0.001 1.40E-11 - 0.007 -

Bis(2-ethythexyl) phthalate 117-81-7 SVOC 0.011 0.025 --(c) 1.40E-02 1 --

Cadmium 7440-43-9 - 0.002729138 0.001 1.12E-10 - 0.05 -

Carbon tetrachloride 56-23-5 VOC 0.000282669 0.016 --(c) 1.30E-01 1 -

Chloride 16887-00-6 -- 12.62269 0.001 5.17E-07 - 1 --

Chloroform 67-66-3 VOC 0.00038106 0.0068 --(c) 3.10E-02 1 --

Chromium 7440-47-3 0.015259293 0.001 6.25E-10 -- 0.013 -

Cobalt 7440-48-4 -- 0.004495239 0.0004 7.36E-11 -- 1 --

Copper 7440-50-8 -- 0.004447607 0.001 1.82E-10 -- 1 --

Fluoride 16984-48-8 -- 0.2940596 0.001 1.20E-08 -- 1 --

Hexavalent Chromium 18540-29-9 -- 0.191 0.002 1.56E-08 -- 0.025 --

Iron 7439-89-6 - 0.090209963 0.001 3.69E-09 - 1 -

Lead 7439-92-1 - 0.001548018 0.0001 6.34E-12 - 1 -

Manganese 7439-96-5 -- 0.006198141 0.001 2.54E-10 -- 0.04 --

Nickel 7440-02-0 0.011729633 0.0002 9.60E-11 -- 0.04 --

Nitrate 14797-55-8 -- 34.098186 0.001 1.40E-06 -- 1 --

Nitrite 14797-65-0 -- 0.057119962 0.001 2.34E-09 -- 1 -

Nitrogen in Nitrite and Nitrate NO2+NO3-N -- 14.7 0.001 6.02E-07 - 1 -

Octachlorodibenzofurand 39001-02-0 9.9649E-09 2.63 1.07E-12 3.90E+01 1 4.18E-11 0.61

Octachlorodibenzo-p-dioxind 3268-87-9 -- 5.8071E-09 1.16 2.76E-13 3.90E+01 1 1.08E-11 0.16

Silver 7440-22-4 - 0.005686587 0.0006 1.40E-10 - 0.04 -

Strontium 7440-24-6 -- 0.2694514 0.001 1.10E-08 -- 1 --

Sulfate 14808-79-8 -- 64.094058 0.001 2.62E-06 -- -- --

Toluene 108-88-3 VOC 3.56519E-05 0.031 --(c) -- 1 --

Total petroleum hydrocarbons - gasoline range TPHGASOLINE -- 0.05 -- --

Trichloroethene 79-01-6 VOC 0.000563286 0.012 --(c) 8.90E-02 1 --

Uranium 7440-61-1 -- 0.020191069 0.001 8.26E-10 - 1 -

Vanadium 7440-62-2 0.02186531 0.001 8.95E-10 -- 1 -

Zinc 7440-66-6 -- 1 0.095789222 0.0006 2.35E-09 -- 1 -

Total ELCR 6.83E-09 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evoluotion Manual (Port E, Supplemental Guidancefor Dermal Risk Assessment).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditionol Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Near-field exposure area -- CTUIR

Cancer risk from inhalation of volatile radioactive contaminants in sweat lodge vapor

Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)

Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake linh calculated pCi

Contaminant concentration in water Cd contaminant-specific pCi/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation rate IR 25 m3/day
Length of sweat event ET 0.042 day/event (1hr/24hr)

Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr

a Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cdw 95 UCL lnh SFib Risk %

Near-Field Exposure Area Radioactive COPC CAS # Volatile? (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution

Gross alpha 12587-46-1 -- 5.3264311 --(c) -- -

lodine-129 15046-84-1 -- 2.708038 --(c) 6.07E-11 --

Plutonium-239/240 PU-239/240 -- 0.029 --(c) 3.33E-08 --

Protactinium-231 14331-85-2 -- 0.28 --(c) 4.55E-08 --

Strontium-90 10098-97-2 -- 4.3004432 --(c) 1.05E-10 --

Technetium-99 14133-76-7 -- 1667.3497 --(c) 1.41E-11 --

Tritium 10028-17-8 Yes 156901.45 3.87E+09 5.62E-14 2.18E-04 100
Total ELCR 2.18E-04 100

' Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).

b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

c Inhalation of nonvolatile contaminants is presented in Table C-16
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R-92/003 Risk Assessment Guidancefor Superfund: Volume / -- Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Near-field exposure area -- CTUIR

Cancer risk from inhalation of nonvolatile radioactive contaminants in sweathouse vapor

Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake li calculated pCi

Contaminant concentration in water Cd, contaminant-specific pCi/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation rate IR 25 m3/day

Length of sweat event
5  

ET 0.042 day/event (1hr/24hr)

Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr

Molecular weight of water MWw 18 g/mole

Density of liquid water rhow 1000 g/L
Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m3)/gmole*K)

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL Imh SFI
5  

Risk %

Near-Field Exposure Area Radioactive COPC CAS # Volatile?' (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution

Gross alpha 12587-46-1 - 5.3264311 2.26E+04 -- -

lodine-129 15046-84-1 -- 2.708038 1.15E+04 6.07E-11 6.96E-07 0.43

Plutonium-239/240 PU-239/240 -- 0.029 1.23E+02 3.33E-08 4.09E-06 2.6
Protactinium-231 14331-85-2 -- 0.28 1.19E+03 4.55E-08 5.40E-05 34

Strontium-90 10098-97-2 -- 4.3004432 1.82E+04 1.05E-10 1.91E-06 1.2

Technetium-99 14133-76-7 -- 1667.3497 7.06E+06 1.41E-11 9.96E-05 62
Tritium 10028-17-8 Yes 156901.4S --(c) 5.62E-14

Total ELCR 1.60E-04 100

' Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).

b Inhalation cancer slope factors (SHi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of volatile contaminants is presented in Table C-15
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R-92/003 Risk Assessment Guidancefor Superfund: Volume I -- Human Health Evaluation Manual (Part 8, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit River Exposure Area Native American Risk Assessment (5-Year)--Summary of CTUIR Sweat Lodge Exposure Scenario Noncancer Hazard Results for Nonradioactive COPCs in Groundwater.
HQ (Inhalation) HQ (Dermal, Vapor, HQ (Dermal, Liquid, HQ (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? HQ (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total HI %

Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution

Acetone 0.0011 VOC 1.76E-06 - 1.54E-10 -- 1.76E-06 1.45E-05
Arsenic 0.005767892 -- - 3.3 0.0049 8.10E-07 3.29E+00 27
Barium 0.049451657 - - 0.8 - 0.0009 1.49E-07 8.45E-01 7.0
Carbon tetrachloride 0.000271961 VOC 7.12E-05 - 1.53E-06 -- - 7.27E-05 5.99E-04
Chloride 11.3727 - - - - - -

Chloroform 0.000814875 VOC 4.14E-04 - 1.36E-07 -- 4.14E-04 0.0034
Chromium 0.009951236 -- - -- 0.0001 2.15E-08 1.31E-04 0.0011
Copper 0.00597989 - - -- 0.0000 6.30E-09 3.84E-05 3.17E-04
Fluoride 0.28680392 - 0.2 -- 0.0012 2.01E-07 1.90E-01 1.6
Iron 0.61057915 -- -- 0.0002 3.68E-08 2.24E-04 0.0018
Lead 0.0006805 ----

Manganese 0.041694118 - - 7.1 0.0112 1.83E-06 7.13E+00 59
Nickel 0.0056 -- 0.5 -- 0.0004 5.90E-08 5.31E-01 4.4
Nitrate 28.582087 - - -- 0.0010 1.70E-07 1.04E-03 0.0085
Nitrite 0.46 -- - 0.0004 6.46E-08 3.94E-04 0.0032
Strontium 0.38963943 -- - -- - 0.0002 2.74E-08 1.67E-04 0.0014
Sulfate 42.560202 -------

Thallium 0.00037 ----

Uranium 0.005589723 -- 0.2 - 0.0005 7.85E-08 1.59E-01 1.3
Vanadium 0.016788235 - - 0.0009 1.41E-07 8.64E-04 0.0071
Zinc 0.006671161 -- -- - - 0.0000 5.62E-10 3.43E-06 2.83E-05
Total 4.87E-04 1.21E+01 1.66E-06 2.19E-02 3.60E-06 12.14 100
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
HQ = hazard quotient.
HI = hazard index.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PC-1 Groundwater Operable Unit River Exposure Area Native American Risk Assessment (5-Year)-Summary of CTU IR Sweat Lodge Exposure Scenario Cancer Risk Results for Nonradioactive COPCs in Groundwater.
Risk (Inhalation) Risk (Dermal, Vapor, Risk (Dermal, Liquid, Risk (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? Risk (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total Risk %

Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution

Acetone 0.0011 VOC - - - -

Arsenic 0.005767892 - 2.06E-04 - 2.16E-06 3.54E-10 2.08E-04 94

Barium 0.049451657 --

Carbon tetrachloride 0.000271961 VOC 1.97E-07 - 1.35E-10 - 1.97E-07 0.089

Chloride 11.3727 --

Chloroform 0.000814875 VOC 9.06E-07 -- 4.10E-11 - 9.06E-07 0.41

Chromium 0.009951236 - - -

Copper 0.00597989 - - - -- -

Fluoride 0.28680392 - -- -- -- - - -

Iron 0.61057915 - - - - - -

Lead 0.0006805 - - - - -

Manganese 0.041694118 - - - - --

Nickel 0.0056 - - 1.21E-05 - - 1.21E-05 5.5

Nitrate 28.582087 - - - - -

Nitrite 0.46 --

Strontium 0.38963943 -- - - - - - -

Sulfate 42.560202 --

Thallium 0.00037 --

Uranium 0.005589723 -

Vanadium 0.016788235 - - - --

Zinc 0.006671161 - - - - -

Total ELCR 1.10E-06 2.18E-04 1.76E-10 2.16E-06 3.54E-10 2.21E-04 100

- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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'Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper 2004, Exposure Scenorio for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
ELCR = excess lifetime cancer risk.

atm-m3/mole and a molecular weight less than 200 g/mole.
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200-PO-1 Groundwater Operable Unit River Exposure Area Native American Risk Assessment (5-Year)-Summary of CTUIR Sweat Lodge Exposure Scenario Cancer Risk Results for Radioactive COPCs in Groundwater.
Risk (Inhalation)

COPC 95 UCL Groundwater Volatile?a Risk (Inhalation) (Volatiles) (Nonvolatiles) Risk (Dermal) Total Risk %
Concentration (pCi/L) (unitless) (unitless) (unitless) (unitless) Contribution

Gross alpha 2.4 No - -- -

Gross beta 31.1 No - - - --

Strontium-90 2.60 No - 1.16E-06 1.16E-06 1.1
Technetium-99 121 No - 7.23E-06 - 7.23E-06 6.8
Tritium 70,724 Yes 9.81E-05 - - 9.81E-05 92
Total ELCR 9.81E-05 8.38E-06 I 1.07E-04 100
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--river exposure area-- CTUIR

Hazard quotient and cancer risk from inhalation of VOCs/SVOCs in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)
Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Inhalation intake linh calculated mg/kg-day
Contaminant concentration in water Cd. contaminant-specific mg/L

Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Inhalation rate' IR 25 m3/day
Length of sweat event ET 0.042 day/event (lhr/24hr)
Number of sweats per year EF 365 days/yr
Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr

Conversion factor CF 365 day/yr

' Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL lifh(non-cancer) RfCi' RfDib HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?' (mg/L) (mg/kg-day) (mg/m 3) (mg/kg-day) (unitless) Contribution
Acetone 67-64-1 VOC 0.0011 1.56E-05 3.10E+01 8.86E+00 1.76E-06 0.36
Arsenic 7440-38-2 -- 0.005767892 --(c) 1.50E-05 4.29E-06 --

Barium 7440-39-3 -- 0.049451657 --(c) 5.OOE-04 1.43E-04 --

Carbon tetrachloride 56-23-5 VOC 0.000271961 3.86E-06 1.90E-01 5.43E-02 7.12E-05 15
Chloride 16887-00-6 -- 11.3727 --(c) -- --

Chloroform 67-66-3 VOC 0.000814875 1.16E-05 9.80E-02 2.80E-02 4.14E-04 85
Chromium 7440-47-3 -- 0.009951236 --(c)
Copper 7440-50-8 - 0.00597989 --(c) --

Fluoride 16984-48-8 -- 0.28680392 --(c) 1.30E-02 3.71E-03 --

Iron 7439-89-6 - 0.61057915 --(c) -- --

Lead 7439-92-1 - 0.0006805 --(c)
Manganese 7439-96-5 - 0.041694118 --(c) 5.OOE-05 1.43E-05 --

Nickel 7440-02-0 - 0.0056 --(c) 9.OOE-05 2.57E-05 -

Nitrate 14797-55-8 - 28.582087--(c)
Nitrite 14797-65-0 0.46 -- (c) - -

Strontium 7440-24-6 - 0.38963943 --(c) - -- -

Sulfate 14808-79-8 42.560202 -- (c) -- --

Thallium 7440-28-0 -- 0.00037 --(c) -

Uranium 7440-61-1 0.005589723 --(c) 3.OOE-04 8.57E-05 -

Vanadium 7440-62-2 - 0.016788235 --(c) - -- --

Zinc 7440-66-6 - 0.006671161 --(c) - -- --

Total 4.87E-04 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

Inhalation of nonvolatile chemicals is presented in Table C-19
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).
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Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.

HQ = hazard quotient.

SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cda 95 UCL linh(cancer) IUR' SFib Risk %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (pg/m 3Y1  (kg-day/mg) (unitless) Contribution
Acetone 67-64-1 VOC 0.0011 1.52E-05
Arsenic 7440-38-2 -- 0.005767892 --(c) 4.30E-03 1.51E+01
Barium 7440-39-3 - 0.049451657 --(c) - --
Carbon tetrachloride 56-23-5 VOC 0.000271961 3.75E-06 1.50E-05 5.25E-02 1.97E-07 18
Chloride 16887-00-6 - 11.3727 --(c) - --
Chloroform 67-66-3 VOC 0.000814875 1.12E-05 2.30E-05 8.05E-02 9.06E-07 82
Chromium 7440-47-3 - 0.009951236 --(c) - -- --

Copper 7440-50-8 - 0.00597989 --(c)- --

Fluoride 16984-48-8 - 0.28680392 --(c) --

Iron 7439-89-6 -- 0.61057915 --(c) -
Lead 7439-92-1 -- 0.0006805 --(c) - -- -

Manganese 7439-96-5 - 0.041694118 --(c) - --
Nickel 7440-02-0 -- 0.0056 --(c) 2.60E-04 9.10E-01 --

Nitrate 14797-55-8 - 28.582087 --(c)
Nitrite 14797-65-0 - 0.46 --(c) -- -- --

Strontium 7440-24-6 - 0.38963943 --(c) - --

Sulfate 14808-79-8 - 42.560202 --(c) -- -- --

Thallium 7440-28-0 - 0.00037 --(c) - -- --

Uranium 7440-61-1 - 0.005589723 --(c) -

Vanadium 7440-62-2 -- 0.016788235 --(c) - - -

Zinc 7440-66-6 - 0.006671161 --(c) - --

Total ELCR 1.10E-06 100
a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

c Inhalation of nonvolatile chemicals is presented in Table C-19
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--river exposure area-- CTUIR

Hazard quotient and cancer risk from inhalation of non-VOCs in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 2)
Cdw values taken from ECF-200P01-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake lIm, calculated mg/kg-day

Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m )/gmole*K)

Inhalation rate' IR 25 m3/day
Length of sweat event ET 0.042 day/event (1hr/24hr)
Number of sweats per year EF 365 days/yr
Exposure duration ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion Factor CF 365 day/yr
Contaminant concentration Cdw contaminant-specific mg/L
Molecular weight of water MWw 18 g/mole
Density of liquid water rhow 1000 g/L

a Harris (2008)

200-PO-1 Groundwater Operable Unit Cdw 95 UCL IdI,(non-cancer) RfCi' RfDib HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?' (mg/L) (mg/kg-day) (mg/m 3) (mg/kg-day) (unitless) Contribution
Acetone 67-64-1 VOC 0.0011 --(c) 3.10E+01 8.86E+00 --

Arsenic 7440-38-2 -- 0.005767892 1.41E-05 1.50E-05 4.29E-06 3.28E+00 27
Barium 7440-39-3 -- 0.049451657 1.21E-04 5.OOE-04 1.43E-04 8.44E-01 7.0
Carbon tetrachloride 56-23-5 VOC 0.000271961 --(c) 1.90E-01 5.43E-02 --

Chloride 16887-00-6 -- 11.3727 2.77E-02 -- -- --

Chloroform 67-66-3 VOC 0.000814875 --(c) 9.80E-02 2.80E-02 --

Chromium 7440-47-3 -- 0.009951236 2.43E-05 - -- --

Copper 7440-50-8 -- 0.00597989 1.46E-05 - --

Fluoride 16984-48-8 -- 0.28680392 6.99E-04 1.30E-02 3.71E-03 1.88E-01 1.6
Iron 7439-89-6 -- 0.61057915 1.49E-03 - --

Lead 7439-92-1 - 0.0006805 1.66E-06 - -- -

Manganese 7439-96-5 -- 0.041694118 1.02E-04 5.OOE-05 1.43E-05 7.12E+00 59
Nickel 7440-02-0 -- 0.0056 1.37E-05 9.OOE-05 2.57E-05 5.31E-01 4.4
Nitrate 14797-55-8 28.582087 6.97E-02 - -- --

Nitrite 14797-65-0 -- 0.46 1.12E-03 - -- --

Strontium 7440-24-6 -- 0.38963943 9.50E-04 - -- --

Sulfate 14808-79-8 -- 42.560202 1.04E-01 -- -- --

Thallium 7440-28-0 -- 0.00037 9.02E-07 - -- --

Uranium 7440-61-1 -- 0.005589723 1.36E-05 3.OOE-04 8.57E-05 1.59E-01 1.3
Vanadium 7440-62-2 -- 0.016788235 4.09E-05 - -- -

Zinc 7440-66-6 - 0.006671161 1.63E-05 - -- --

Total 1.21E+01 100
a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

Inhalation of volatile compounds in vapor is presented in Table C-18
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1GroundwaterOperableUnit Cdw95 UCL Kp Idl(cancer) CSFoa GIABSa Risk %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)~ (unitless) (unitless) Contribution

Acetoned 67-64-1 VOC 0.0011 0.000512 --(c) - 1 -

Arsenic 7440-38-2 0.005767892 0.001 1.44E-06 1.50E+00 1 2.16E-06 100
Barium 7440-39-3 0.049451657 0.001 1.24E-05 0.07 --

Carbon tetrachloride 56-23-5 VOC 0.000271961 0.016 --(c) 1.30E-01 1 --

Chloride 16887-00-6 - 11.3727 0.001 2.84E-03 1 -

Chloroform 67-66-3 VOC 0.000814875 0.0068 --(c) 3.10E-02 1 -

Chromium 7440-47-3 - 0.009951236 0.001 2.49E-06 - 0.013 -

Copper 7440-50-8 -- 0.00597989 0.001 1.49E-06 - 1
Fluoride 16984-48-8 - 0.28680392 0.001 7.16E-05 1
Iron 7439-89-6 - 0.61057915 0.001 1.53E-04 - 1 -

Lead 7439-92-1 - 0.0006805 0.0001 1.70E-08 1 -

Manganese 7439-96-5 0.041694118 0.001 1.04E-05 - 0.04

Nickel 7440-02-0 0.0056 0.0002 2.80E-07 0.04 -

Nitrate 14797-55-8 - 28.582087 0.001 7.14E-03 - 1
Nitrite 14797-65-0 - 0.46 0.001 1.15E-04 1 -

Strontium 7440-24-6 0.38963943 0.001 9.73E-05 - 1 -

Sulfate 14808-79-8 - 42.560202 0.001 1.06E-02 -- -

Thallium 7440-28-0 - 0.00037 0.001 9.24E-08 -- 1 -

Uranium 7440-61-1 - 0.005589723 0.001 1.40E-06 1
Vanadium 7440-62-2 - 0.016788235 0.001 4.19E-06 -- 1 -

Zinc 7440-66-6 - 0.006671161 0.0006 1.OOE-06 -- 1

Total ELCR 2.16E-06 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).
C Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--river exposure area-- CTUIR

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4)
Cdw values taken from ECF-200P01-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Dermal absorption intake from vapor d,v calculated mg/kg-day

Body surface area available for contact SA 1.8 m
2

Permeability constant Kp contaminant-specific cm/hr
Length of sweat event ET 1 hr/day
Number of sweats per year EF 365 days/yr

Exposure duration ED 68 yr

Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr
Contaminant concentration Cdw contaminant-specific mg/L

Molecular weight of water MWw 18 g/mole
Ideal gas law constant R 62.37 (mmHg-L)/(gmole-K)
Temperature of the sweat lodge T 338.7 K
Density of liquid water rhow 1000 g/L
Conversion factor CF2  365 day/yr

Conversion factor CF3 10 L/m 2-cm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL Kpb ld,,(non-cancer) RfDoa GIABS' HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

Acetoned 67-64-1 VOC 0.0011 0.000512 --(c) 9.OOE-01 1 --

Arsenic 7440-38-2 0.005767892 0.001 2.43E-10 3.00E-04 1 8.10E-07 23
Barium 7440-39-3 0.049451657 0.001 2.08E-09 2.OOE-01 0.07 1.49E-07 4.1
Carbon tetrachloride 56-23-5 VOC 0.000271961 0.016 --(c) 7.OOE-04 1 --

Chloride 16887-00-6 11.3727 0.001 4.79E-07 - 1 -

Chloroform 67-66-3 VOC 0.000814875 0.0068 --(c) 1.OOE-02 1 --

Chromium 7440-47-3 - 0.009951236 0.001 4.19E-10 1.50E+00 0.013 2.15E-08 0.60
Copper 7440-50-8 0.00597989 0.001 2.52E-10 4.OOE-02 1 6.30E-09 0.18
Fluoride 16984-48-8 0.28680392 0.001 1.21E-08 6.OOE-02 1 2.01E-07 5.6
Iron 7439-89-6 -- 0.61057915 0.001 2.57E-08 7.OOE-01 1 3.68E-08 1.0
Lead 7439-92-1 -- 0.0006805 0.0001 2.87E-12 - 1 -

Manganese 7439-96-5 -- 0.041694118 0.001 1.76E-09 2.40E-02 0.04 1.83E-06 51
Nickel 7440-02-0 -- 0.0056 0.0002 4.72E-11 2.OOE-02 0.04 5.90E-08 1.6
Nitrate 14797-55-8 -- 28.582087 0.001 1.20E-06 7.10E+00 1 1.70E-07 4.7
Nitrite 14797-65-0 -- 0.46 0.001 1.94E-08 3.OOE-01 1 6.46E-08 1.8
Strontium 7440-24-6 - 0.38963943 0.001 1.64E-08 6.OOE-01 1 2.74E-08 0.76
Sulfate 14808-79-8 -- 42.560202 0.001 1.79E-06 -- -- --

Thallium 7440-28-0 -- 0.00037 0.001 1.56E-11 -- 1 --

Uranium 7440-61-1 -- 0.005589723 0.001 2.36E-10 3.OOE-03 1 7.85E-08 2.2
Vanadium 7440-62-2 - 0.016788235 0.001 7.07E-10 5.OOE-03 1 1.41E-07 3.9
Zinc 7440-66-6 - 0.006671161 0.0006 1.69E-10 3.OOE-01 1 5.62E-10 0.016
Total 0.0000 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

'Dermal Intake of Volatiles in Sweatlodge vapor is presented in Table C-20
the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.

SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL Kp b l,,(cancer) CSFo' GIABS' Risk %
(mg/kg-day)-

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (unitless) (unitless) Contribution

Acetone" 67-64-1 VOC 0.0011 0.000512 --(c) -- 1 --

Arsenic 7440-38-2 -- 0.005767892 0.001 2.36E-10 1.50E+00 1 3.54E-10 100
Barium 7440-39-3 0.049451657 0.001 2.02E-09 - 0.07 -

Carbon tetrachloride 56-23-5 VOC 0.000271961 0.016 --(c) 1.30E-01 1 --

Chloride 16887-00-6 - 11.3727 0.001 4.65E-07 -- 1 -

Chloroform 67-66-3 VOC 0.000814875 0.0068 --(c) 3.10E-02 1 --

Chromium 7440-47-3 -- 0.009951236 0.001 4.07E-10 -- 0.013 --

Copper 7440-50-8 0.00597989 0.001 2.45E-10 - 1 -

Fluoride 16984-48-8 0.28680392 0.001 1.17E-08 - 1 -

Iron 7439-89-6 -- 0.61057915 0.001 2.50E-08 -- 1 --

Lead 7439-92-1 -- 0.0006805 0.0001 2.79E-12 -- 1 --

Manganese 7439-96-5 -- 0.041694118 0.001 1.71E-09 -- 0.04 --

Nickel 7440-02-0 0.0056 0.0002 4.58E-11 -- 0.04 -

Nitrate 14797-55-8 28.582087 0.001 1.17E-06 - 1 -

Nitrite 14797-65-0 - 0.46 0.001 1.88E-08 - 1 -

Strontium 7440-24-6 0.38963943 0.001 1.59E-08 -- 1 -

Sulfate 14808-79-8 -- 42.560202 0.001 1.74E-06 - - -

Thallium 7440-28-0 -- 0.00037 0.001 1.51E-11 - 1 -

Uranium 7440-61-1 0.005589723 0.001 2.29E-10 - 1 -

Vanadium 7440-62-2 - 0.016788235 0.001 6.87E-10 -- 1 -

Zinc 7440-66-6 -- 0.006671161 0.0006 1.64E-10 - 1 -

Total ELCR 3.54E-10 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics.)
Dermal Intake of Volatiles in Sweatlodge vapor is presented in Table C-20

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

E PA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--river exposure area-- CTUIR

Cancer risk from inhalation of volatile radioactive contaminants in sweat lodge vapor
Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)
Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Inhalation intake linh calculated pCi

Contaminant concentration in water Cd. contaminant-specific pCi/L
Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Inhalation rate' IR 25 m3/day

Length of sweat event ET 0.042 day/event (1hr/24hr)
Number of sweats per year EF 365 days/yr
Number of years a person sweats in a lifetime ED 68 yr
a Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit C,, 95 UCL linh SFib Risk %

River Exposure Area Radioactive COPC CAS # Volatile?' (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution
Gross alpha 12587-46-1 - 2.4 --(c) -- --

Gross beta 12587-47-2 -- 31.1 --(c) -- --

Strontium-90 10098-97-2 - 2.60 --(c) 1.05E-10 --

Technetium-99 14133-76-7 -- 121 --(c) 1.41E-11 -

Tritium 10028-17-8 Yes 70,724 1.75E+09 5.62E-14 9.81E-05 100
Total ELCR 9.81E-05 100
a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).
b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

c Inhalation of nonvolatile contaminants is Presented in Table C-24
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R-92/003 Risk Assessment Guidance for Superfund: Volume I-- Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1groundwater operable unit Native American Risk Assessment (5-Year)--river exposure area-- CTUIR

Cancer risk from inhalation of nonvolatile radioactive contaminants in sweathouse vapor
Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake llvh calculated pCi

Contaminant concentration in water Cdw contaminant-specific pCi/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 M

Inhalation rate IR 25 m
3
/day

Length of sweat event ET 0.042 day/event (1hr/24hr)
Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr

Molecular weight of water MWw 18 g/mole

Density of liquid water rhow 1000 g/L
Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m
3
)/gmole*K)

. Harris, 2008, Application of the CTUIR Traditional Lieways Exposure Scenario in Hanford Risk Assessments.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL lnh SFi 5  
Risk %

River Exposure Area Radioactive COPC CAS # Volatile?' (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution
Gross alpha 12587-46-1 - 2.4 1.01E+04 -- -

Gross beta 12587-47-2 -- 31.1 1.32E+05 -

Strontium-90 10098-97-2 - 2.60 1.10E+04 1.05E-10 1.16E-06 14
Technetium-99 14133-76-7 - 121 5.13E+05 1.41E-11 7.23E-06 86
Tritium 10028-17-8 Yes 70,724 --(c) 5.62E-14 -

Total ELCR 8.38E-06 100

' Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).

b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of volatile contaminants is presented in Table C-23
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R-92/003 Risk Assessment Guidancefor Superfund: Volume I -- Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

COPC contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit Far-Field Exposure Area Native American Risk Assessment (5-Year)-Summary of Yakima Nationa Sweat Lodge Exposure Scenario Noncancer Hazard Results for Nonradioactive COPCs in Groundwater.
HQ (Inhalation) HQ (Dermal, Vapor, HQ (Dermal, Liquid, HQ (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? HQ (inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total HI %

Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution

1,1,1-Trichloroethane 0.000691076 VOC 1.43E-05 - 2.21E-09 -- 1.43E-05 6.35E-05
1,1-Dichloroethane 0.000255649 VOC 3.78E-05 4.21E-09 -- 3.78E-05 1.68E-04

1,1-Dichloroethene 0.00016874 VOC 8.73E-05 - 1.99E-08 -- 8.73E-05 3.88E-04
1,2-Dichlorobenzene 0.003 VOC 1.55E-03 -- 6.71E-07 - 1.55E-03 0.0069
1,4-Dichlorobenzene 0.000130957 VOC 1.69E-05 3.86E-08 - - 1.70E-05 7.54E-05
1,4-Dioxane 0.0081 SVOC 2.33E-04 1.31E-08 - 2.33E-04 0.0010
2-Butanone 0.00055 VOC 1.14E-05 -- 4.32E-10 -- -- 1.14E-05 5.05E-05

2-Pentanone, 4-Methyl 0.00064 VOC 2.21E-05 - 1.06E-08 - 2.21E-05 9.81E-05
Acetone 0.001511507 VOC 5.04E-06 - 4.22E-10 - 5.04E-06 2.24E-05
Arsenic 0.003140238 - - 3.72E+00 - 5.38E-03 8.82E-07 3.72E+00 17
Barium 0.072881156 - 2.59E+00 - 2.68E-03 4.39E-07 2.59E+00 12

Bis(2-ethylhexyl) phthalate 0.001 SVOC -- 6.14E-07 -- 6.14E-07 2.73E-06
Cadmium 0.0045 - - 7.99E+00 - 9.26E-02 1.52E-05 8.08E+00 36
Carbon disulfide 0.00021 VOC 3.10E-05 -- 1.75E-08 3.11E-05 1.38E-04
Carbon tetrachloride 0.000170123 VOC 9.26E-05 1.91E-06 -- - 9.45E-05 4.20E-04
Chloride 9.9702351 - - - -

Chloroform 0.000214204 VOC 2.26E-04 7.15E-08 - -- 2.26E-04 0.0010
Chromium 0.009493374 - - - 2.50E-04 4.10E-08 2.50E-04 0.0011
Copper 0.004884201 - - 6.28E-05 1.03E-08 6.28E-05 2.79E-04

Fluoride 0.30080145 - -- 4.11E-01 - 2.58E-03 4.22E-07 4.13E-01 1.8
Iron 0.12126178 - - -- - 8.91E-05 1.46E-08 8.91E-05 3.96E-04

Lead 0.000581898 - - --

Manganese 0.015530827 - 5.51E+00 - 8.32E-03 1.36E-06 5.52E+00 25
Methylene chloride 0.002069589 VOC 2.14E-04 - 5.93E-08 - 2.14E-04 9.51E-04

Nickel 0.006014142 - - 1.19E+00 - 7.73E-04 1.27E-07 1.19E+00 5.3
Nitrate 23.863649 - - - - 1.73E-03 2.83E-07 1.73E-03 0.0077
Nitrite 0.081906164 -- 1.40E-04 2.30E-08 1.40E-04 6.24E-04

Silver 0.005776818 - - -- 8.91E-03 1.46E-06 8.91E-03 0.040

Strontium 0.38364144 - - - - 3.29E-04 5.39E-08 3.29E-04 0.0015
Sulfate 45.030868 -- -- - --

Tetrachloroethene 0.000872033 VOC 3.34E-04 1.41E-06 - 3.36E-04 0.0015
Tributyl phosphate 0.012498806 SVOC - - 7.OOE-07 -- 7.OOE-07 3.11E-06
Trichloroethene 0.000433871 VOC 1.28E-03 - -- -- 1.28E-03 0.0057

Trichloromonofluoromethan
e 0.00058 VOC 8.57E-05 - 1.23E-08 - 8.57E-05 3.81E-04

Uranium 0.016629145 - -- 9.84E-01 - 2.85E-03 4.67E-07 9.87E-01 4.4

Vanadium 0.012904693 - - - 1.33E-03 2.17E-07 1.33E-03 0.0059

Zinc 0.068859746 -- -- - 7.08E-05 1.16E-08 7.08E-05 3.15E-04

Total 4.25E-03 2.24E+01 5.56E-06 1.28E-01 2.10E-05 2.25E+01 100

a Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in groundwater used to make steam. Evaluation performed using steam

model from CTUIR sweat lodge scenario (Harris and Harper 2004).
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

Ridolfi 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.
COPC = contaminant of potential concern.
HI = hazard index.
HQ= hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 Groundwater Operable Unit Far-Field Exposure Area Native American Risk Assessment (5-Year)-Summary of Yakima Nationa Sweat Lodge Exposure Scenario Cancer Risk Results for Nonradioactive COPCs in Groundwater.

Risk (Inhalation) Risk (Dermal, Vapor, Risk (Dermal, Liquid, Risk (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? Risk (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total Risk %

Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution

1,1,1-Trichloroethane 0.000691076 VOC -

1,1-Dichloroethane 0.000255649 VOC --

1,1-Dichloroethene 0.00016874 VOC -- - -

1,2-Dichlorobenzene 0.003 VOC - - - - --

1,4-Dichlorobenzene 0.000130957 VOC 1.45E-07 - 1.42E-11 - 1.45E-07 0.035

1,4-Dioxane 0.0081 SVOC 6.27E-06 - 1.40E-11 - 6.27E-06 1.5

2-Butanone 0.00055 VOC - - - - -

2-Pentanone, 4-Methyl 0.00064 VOC - - -

Acetone 0.001511507 VOC - -- --

Arsenic 0.003140238 - - 2.33E-04 2.35E-06 3.86E-10 2.35E-04 57

Barium 0.072881156 -- - - - --

Bis(2-ethylhexyl) phthalate 0.001 SVOC 2.41E-07 - 1.67E-10 -- -- 2.41E-07 0.059

Cadmium 0.0045 - 1.40E-04 - - 1.40E-04 34

Carbon disulfide 0.00021 VOC -- - -- --

Carbon tetrachloride 0.000170123 VOC 2.56E-07 - 1.69E-10 - - 2.57E-07 0.062

Chloride 9.9702351 - - - - -

Chloroform 0.000214204 VOC 4.95E-07 - 2.15E-11 - 4.95E-07 0.12

Chromium 0.009493374 - --

Copper 0.004884201 - - - -

Fluoride 0.30080145 - - - -

Iron 0.12126178 - -

Lead 0.000581898 - - - -

Manganese 0.015530827 - --

Methylene chloride 0.002069589 VOC -- - 2.59E-11 - -- 2.59E-11 6.31E-06

Nickel 0.006014142 - - 2.70E-05 - - 2.70E-05 6.6

Nitrate 23.863649 - - - -

Nitrite 0.081906164 -- -- -

Silver 0.005776818 - - - - -

Strontium 0.38364144 - - - - -

Sulfate 45.030868 - -

Tetrachloroethene 0.000872033 VOC 5.17E-07 7.41E-09 - 5.24E-07 0.13

Tributyl phosphate 0.012498806 SVOC - -- 1.25E-09 -- 1.25E-09 3.04E-04

Trichloroethene 0.000433871 VOC 1.09E-06 2.21E-10 - 1.09E-06 0.27

Trichloromonofluoromethan
e 0.00058 VOC -- -- - -

Uranium 0.016629145 - -

Vanadium 0.012904693 - - - --

Zinc 0.068859746 - -

Total ELCR 9.01E-06 3.99E-04 9.30E-09 2.35E-06 3.86E-10 4.11E-04 100

' Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in groundwater used to make steam. Evaluation performed using steam

model from CTUIR sweat lodge scenario (Harris and Harper 2004).

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.

Ridolfi 2007, Yakomo Notion Exposure Scenario for Hanford Site Risk Assessment.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
SVOC semivolatile organic compound.

VOC = volatile organic compound.
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200-PO-1 Groundwater Operable Unit Far-Field Exposure Area Native American Risk Assessment (5-Year)-Summary of Yakima Nationa Sweat Lodge Exposure Scenario Cancer Risk Results for Radioactive COPCs in

Groundwater.
Risk (Inhalation)

COPC 95 UCL Groundwater Volatile? Risk (Inhalation) (Volatiles) (Nonvolatiles) Risk (Dermal) Total Risk %

Concentration (pCi/L) (unitless) (unitless) (unitless) (unitless) Contribution

Gross alpha 6.4100896 --

Gross beta 32.397036 -- - -

lodine-129 1.9883847 - 1.06E-06 1.06E-06 0.12

Nickel-63 4.07 - .88E-08 5.88E-08 0.0065

Protactinium-231 0.308 - -- 1.23E-04 - 1.23E-04 14

Strontium-90 0.611 - 5.65E-07 5.65E-07 0.063

Technetium-99 93.996334 - 1.17E-05 - 1.17E-05 1.3

Tritium 264106.86 Yes 7.62E-04 -- -- 7.62E-04 85

Total ELCR 7.62E-04 1.37E-04 8.99E-04 100

Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

- Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area -- Yakima Nation

Hazard quotient and cancer risk from inhalation of VOCs/SVOCs in sweat lodge vapor
Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakamo Notion Exposure Scenario for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1, except as noted)
Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake lnh calculated mg/kg-day

Contaminant concentration in water Cuw contaminant-specific mg/L

Volume of water used ina sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation rate" IR 26 m"/day

Length of sweat event b ET 0.083 day/event (2hr/24hr)
Number of sweats per year EF 365 days/yr
Number of years a person sweats ina lifetime ED 68 yr

Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr
Conversion factor CF 365 day/yr

. Ridolfi (2007, Table 7).

b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit C,. 95 UCL lvh(non-cancer) RfCi" RfDi" HQ %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOCt (mg/L) (mg/kg-day) (mg/m) (mg/kg-day) (unitless) Contribution

1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 2.04E-05 5.OOE+00 1.43E+00 1.43E-05 0.34

1,1-Dichloroethane 75-34-3 VOC 0.000255649 7.56E-06 7.OOE-01 2.00E-01 3.78E-05 0.89

1,1-Dichloroethene 75-35-4 VOC 0.00016874 4.99E-06 2.OOE-01 5.71E-02 8.73E-05 2.1

1,2-Dichlorobenzene 95-50-1 VOC 0.003 8.87E-05 2.OOE-01 5.71E-02 1.55E-03 37

1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 3.87E-06 8.00E-01 2.29E-01 1.69E-05 0.40

1,4-Dioxane 123-91-1 SVOC 0.0081 2.39E-04 3.60E+00 1.03E+00 2.33E-04 5.5

2-Butanone 78-93-3 VOC 0.00055 1.63E-05 5.00E+00 1.43E+00 1.14E-05 0.27
2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 1.89E-05 3.OOE+00 8.57E-01 2.21E-05 0.52

Acetone 67-64-1 VOC 0.001511507 4.47E-05 3.10E+01 8.86E+00 5.04E-06 0.12

Arsenic 7440-38-2 -- 0.003140238 --(c) 1.50E-05 4.29E-06 --

Barium 7440-39-3 -- 0.072881156 -- (c) 5.00E-04 1.43E-04 --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 2.96E-05 - -- --

Cadmium 7440-43-9 - 0.0045 --(c) 1.00E-05 2.86E-06 -

Carbon disulfide 75-15-0 VOC 0.00021 6.21E-06 7.OOE-01 2.00E-01 3.IOE-05 0.73
Carbon tetrachloride 56-23-5 VOC 0.000170123 5.03E-06 1.90E-01 5.43E-02 9.26E-05 2.2

Chloride 16887-00-6 -- 9.9702351 -(c) -

Chloroform 67-66-3 VOC 0.000214204 6.33E-06 9.80E-02 2.80E-02 2.26E-04 5.3

Chromium 7440-47-3 - 0.009493374 --(c) -- --

Copper 7440-50-8 - 0.004884201 -(c) -

Fluoride 16984-48-8 - 0.30080145 -(c) 1.30E-02 3.71E-03 -

Iron 7439-89-6 - 0.12126178 -(c) - - -

Lead 7439-92-1 - 0.000581898 -)c) - -

Manganese 7439-96-5 - 0.015530827 --(c) 5.OCE-05 1.43E-05 -

Methylene chloride 75-09-2 VOC 0.002069589 6.12E-05 1.00E+00 2.86E-01 2.14E-04 5.0

Nickel 7440-02-0 - 0.006014142 --(c) 9.OOE-05 2.57E-05

Nitrate 14797-55-8 -- 23.863649 --(c) - - -

Nitrite 14797-65-0 - 0.081906164 --(c) - -

Silver 7440-22-4 -- 0.005776818 --(c)
Strontium 7440-24-6 - 0.38364144 --(c) - -- -

Sulfate 14808-79-8 -- 45.030868 --(c) - --

Tetrachloroethene 127-18-4 VOC 0.000872033 2.58E-05 2.70E-01 7.71E-02 3.34E-04 7.9

Tributyl phosphate 126-73-8 SVOC 0.012498806 3.69E-04 -- -- -

Trichloroethene 79-01-6 VOC 0.000433871 1.28E-05 3.50E-02 1.00E-02 1.28E-03 30

Trichloromonofluoromethane 75-69-4 VOC 0.00058 1.71E-05 7.00E-01 2.00E-01 8.57E-05 2.0

Uranium 7440-61-1 - 0.016629145 --(c) 3.OOE-04 8.57E-05 --

Vanadium 7440-62-2 - 0.012904693 --(c) -- - -
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IZinc 7440-66-6 -- 0.068859746 --(c) -- -- --

Total 4.25E-03 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x20 (m3/day) x 1/70 (kg).

Inhalation of nonvolatile chemicals is presented in table D-3
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.

VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd 95 UCL ,,,(cancer) IUR' SFi Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?, (mg/L) (mg/kg-day) (gg/m
5
)
5  

(kg-day/mg) (unitless) Contribution

1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 1.98E-05 - --

1,1-Dichloroethane 75-34-3 VOC 0.000255649 7.34E-06 -

1,1-Dichloroethene 75-35-4 VOC 0.00016874 4.85E-06 -- -- --

1,2-Dichlorobenzene 95-50-1 VOC 0.003 8.61E-05
1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 3.76E-06 1.10E-05 3.85E-02 1.45E-07 1.6
1,4-Dioxane 123-91-1 SVOC 0.0081 2.33E-04 7.70E-06 2.70E-02 6.27E-06 70

2-Butanone 78-93-3 VOC 0.00055 1.58E-05 --

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 1.84E-05 -- -- --

Acetone 67-64-1 VOC 0.001511507 4.34E-05 -

Arsenic 7440-38-2 - 0.003140238 --(c) 4.30E-03 1.51E+01 --

Barium 7440-39-3 -- 0.072881156 --(c) -- --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 2.87E-05 2.40E-06 8.40E-03 2.41E-07 2.7

Cadmium 7440-43-9 - 0.0045 --(c) 1.80E-03 6.30E+00 -

Carbon disulfide 75-15-0 VOC 0.00021 6.03E-06 -- -- -

Carbon tetrachloride 56-23-5 VOC 0.000170123 4.88E-06 1.50E-05 5.25E-02 2.56E-07 2.8

Chloride 16887-00-6 -- 9.9702351 --(c) -- -- --

Chloroform 67-66-3 VOC 0.000214204 6.15E-06 2.30E-05 8.05E-02 4.95E-07 5.5

Chromium 7440-47-3 - 0.009493374 --(c) - --

Copper 7440-50-8 - 0.004884201 --(c) -- --

Fluoride 16984-48-8 -- 0.30080145 --(c) -- -- -

Iron 7439-89-6 - 0.12126178 --(c) - --

Lead 7439-92-1 - 0.000581898 --(c) - --

Manganese 7439-96-5 - 0.015530827 --(c) --

Methylene chloride 75-09-2 VOC 0.002069589 --(c) 4.70E-07 1.65E-03
Nickel 7440-02-0 -- 0.006014142 --(c) 2.60E-04 9.10E-01 -

Nitrate 14797-55-8 -- 23.863649 --(c) - -

Nitrite 14797-65-0 - 0.081906164 -(c) - -- --

Silver 7440-22-4 - 0.005776818 --(c) - --

Strontium 7440-24-6 - 0.38364144 --(c) - - --

Sulfate 14808-79-8 -- 45.030868 --(c)
Tetrachloroethene 127-18-4 VOC 0.000872033 2.50E-05 5.90E-06 2.07E-02 5.17E-07 5.7

Tributyl phosphate 126-73-8 SVOC 0.012498806 3.59E-04 - --

Trichloroethene 79-01-6 VOC 0.000433871 1.25E-05 2.50E-05 8.75E-02 1.09E-06 12

Trichloromonofluoromethane 75-69-4 VOC 0.00058 1.67E-05 - -- --

Uranium 7440-61-1 - 0.016629145 --(c)
Vanadium 7440-62-2 -- 0.012904693 --(c) - -

Zinc 7440-66-6 -- 0.068859746 --(c)- --

Total ELCR 9.01E-06 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

Inhalation of nonvolatile chemicals is presented in table D-3
- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evoluotion Manual (Part A).

Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area -- Yakima Nation

Hazard quotient and cancer risk from inhalation of nonvolatiles in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yokamo Nation Exposure Scenariofor Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in

groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 2, except as noted)

Cdw values taken from ECF-200P01-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake Imh calculated mg/kg-day

Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*mS)/gmole*K)

Inhalation rate' IR 26 m
3
/day

Length of sweat eventb ET 0.083 day/event (2hr/24hr)

Number of sweats per year EF 365 days/yr

Exposure duration ED 68 yr

Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr

Conversion Factor CF 36 day/yr
Contaminant concentration Cdw contaminant-specific mg/L
Molecular weight of water MWw 18 g/mole

Density of liquid water rhow 1000 g/L

' Ridolfi (2007, Table 7).

Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL li(non-cancer) RfCi" RfDib HQ %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?' (mg/L) (mg/kg-day) (mg/m
3
) (mg/kg-day) (unitless) Contribution

1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 -(c) 5.OOE+00 1.43E+00 --

1,1-Dichloroethane 75-34-3 VOC 0.000255649 -(c) 7.OOE-01 2.OOE-01 -

1,1-Dichloroethene 75-35-4 VOC 0.00016874 --(c) 2.OOE-01 5.71E-02 --

1,2-Dichlorobenzene 95-50-1 VOC 0.003 --(c) 2.OOE-01 5.71E-02 --

1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 --(c) 8.00E-01 2.29E-01 --

1,4-Dioxane 123-91-1 SVOC 0.0081 --(c) 3.60E+00 1.03E+00 --

2-Butanone 78-93-3 VOC 0.00055 --(c) 5.OOE+00 1.43E+00 -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 -(c) 3.OOE+00 8.57E-01 --

Acetone 67-64-1 VOC 0.001511507 --(c) 3.10E+01 8.86E+00 -

Arsenic 7440-38-2 0.003140238 1.59E-05 1.50E-05 4.29E-06 3.72 17
Barium 7440-39-3 -- 0.072881156 3.70E-04 5.OOE-04 1.43E-04 2.59 12

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 -(c) -- --

Cadmium 7440-43-9 0.0045 2.28E-05 1.OE-05 2.86E-06 7.99 36
Carbon disulfide 75-15-0 VOC 0.00021 -(c) 7.00E-01 2.00E-01 -

Carbon tetrachloride 56-23-5 VOC 0.000170123 --(c) 1.90E-01 5.43E-02 -

Chloride 16887-00-6 -- 9.9702351 5.06E-02
Chloroform 67-66-3 VOC 0.000214204 --(c) 9.80E-02 2.80E-02 -

Chromium 7440-47-3 0.009493374 4.81E-05 - -

Copper 7440-50-8 0.004884201 2.48E-05 -

Fluoride 16984-48-8 0.30080145 1.53E-03 1.30E-02 3.71E-03 0.41 1.8

Iron 7439-89-6 0.12126178 6.15E-04 -

Lead 7439-92-1 - 0.000581898 2.95E-06 - -

Manganese 7439-96-5 0.015530827 7.88E-05 5.00E-05 1.43E-05 5.51 25
Methylene chloride 75-09-2 VOC 0.002069589 --(c) 1.00E+00 2.86E-01 -

Nickel 7440-02-0 0.006014142 3.05E-05 9.00E-05 2.57E-05 1.19 5.3
Nitrate 14797-55-8 23.863649 1.21E-01 -- -

Nitrite 14797-65-0 0.081906164 4.15E-04 -- -

Silver 7440-22-4 0.005776818 2.93E-05 - --

Strontium 7440-24-6 -- 0.38364144 1.95E-03
Sulfate 14808-79-8 45.030868 2.28E-01 -- - -

Tetrachloroethene 127-18-4 VOC 0.000872033 -(c) 2.70E-01 7.71E-02
Tributyl phosphate 126-73-8 SVOC 0.012498806 --(c) -- --

Trichloroethene 79-01-6 VOC 0.000433871 --(c) 3.50E-02 1.00E-02 --

Trichloromonofluoromethane 75-69-4 VOC 0.00058 -(c 7.00E-01 2.00E-01 -

Uranium 7440-61-1 - 0.016629145 8.43E-05 3.00E-04 8.57E-05 0.98 4.4

Vanadium 7440-62-2 -- 0.012904693 6.54E-05 - -

Zinc 7440-66-6 - 0.068859746 3.49E-04- --

Total 22 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

'Inhalation of volatile compounds in vapor is presented in Table D-2
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL 1d,1(cancer) IUR' SFi Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?' (mg/L) (mg/kg-day) (pg/m) (kg-day/mg) (unitless) Contribution
1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 --(c) -- - -

1,1-Dichloroethane 75-34-3 VOC 0.000255649 --(c) -- -- --

1,1-Dichloroethene 75-35-4 VOC 0.00016874 --(c) - --

1,2-Dichlorobenzene 95-50-1 VOC 0.003 --(c) -- -- --

1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 --(c) 1.10E-05 3.85E-02 --

1,4-Dioxane 123-91-1 SVOC 0.0081 --(c) 7.70E-06 2.70E-02 --

2-Butanone 78-93-3 VOC 0.00055 --(c)
2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 --(c) -- --

Acetone 67-64-1 VOC 0.001511507 --(c) - -

Arsenic 7440-38-2 -- 0.003140238 1.55E-05 4.30E-03 1.51E+01 2.33E-04 58
Barium 7440-39-3 -- 0.072881156 3.59E-04 -- -- --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 --(c) 2.40E-06 8.40E-03 --

Cadmium 7440-43-9 0.0045 2.22E-05 1.80E-03 6.30E+00 1.40E-04 35
Carbon disulfide 75-15-0 VOC 0.00021 --(c)- --

Carbon tetrachloride 56-23-5 VOC 0.000170123 -(c) 1.50E-05 5.25E-02 --

Chloride 16887-00-6 9.9702351 4.91E-02 - -- --

Chloroform 67-66-3 VOC 0.000214204 -(c) 2.30E-05 8.05E-02 --

Chromium 7440-47-3 -- 0.009493374 4.68E-05 - -- --

Copper 7440-50-8 -- 0.004884201 2.41E-0 - - --

Fluoride 16984-48-8 - 0.30080145 1.48E-03 - --

Iron 7439-89-6 -- 0.12126178 5.97E-04 - - --

Lead 7439-92-1 0.000581898 2.87E-06 - -- --

Manganese 7439-96-5 - 0.015530827 7.65E-05 -- -- --

Methylene chloride 75-09-2 VOC 0.002069589 --(c) 4.70E-07 1.65E-03 --

Nickel 7440-02-0 - 0.006014142 2.96E-05 2.60E-04 9.10E-01 2.70E-05 6.7
Nitrate 14797-55-8 - 23.863649 1.18E-01 -- - --

Nitrite 14797-65-0 - 0.081906164 4.04E-04 - - -

Silver 7440-22-4 - 0.005776818 2.85E-05 - - -

Strontium 7440-24-6 - 0.38364144 1.89E-03
Sulfate 14808-79-8 - 45.030868 2.22E-01
Tetrachloroethene 127-18-4 VOC 0.000872033 --(c) 5.90E-06 2.07E-02 -

Tributyl phosphate 126-73-8 SVOC 0.012498806 --(c) -- --

Trichloroethene 79-01-6 VOC 0.000433871 -(c) 2.50E-05 8.75E-02 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 -(c) -- - -

Uranium 7440-61-1 -- 0.016629145 8.19E-0 - -- -

Vanadium 7440-62-2 -- 0.012904693 6.36E-05 - -

Zinc 7440-66-6 0.068859746 3.39E-04 - - --

Total ELCR 3.99E-04 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

Inhalation of volatile compounds in vapor is presented in Table D-2
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area - Yakima Nation

Hazard quotient and cancer risk from dermal exposure to VOCs/SVOCs in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yukama Nation Exposure Scenario for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in

groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water (id,l)

can be neglected and total dermal intake (ld,total) is equal to dermal intake from VOCs/SVOCs in sweat lodge vapor ()d,v)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 3, except as noted)

Cdw values taken from ECF-200PG1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from vapor lv calculated mg/kg-day

Contaminant concentration in water Cdw contaminant-specific mg/L
Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Body surface area available for contact SA 1.8 M2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event ET 2 hr/event

Number of sweats per year EF 365 events/yr

Number of years a person sweats in a lifetime ED 68 yr

Average body weight
0  

BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr

Conversion factor CF1 0.01 m/cm

Conversion factor CF2 365 day/yr

' Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit C 95 UCL Kp
0  ld,(non-cancer) RfDo GIABS' HQ %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 0.013 4.41E-09 2.OOE+00 1 2.21E-09 0.040

1,1-Dichloroethane 75-34-3 VOC 0.000255649 0.0067 8.41E-10 2.00E-G1 1 4.21E-09 0.076

1,1-Dichloroethene 75-35-4 VOC 0.00016874 0.012 9.94E-10 5.OOE-02 1 1.99E-08 0.36
1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 6.04E-08 9.OOE-02 1 6.71E-07 12

1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 0.042 2.70E-09 7.OOE-02 1 3.86E-08 0.69
1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 1.31E-09 1.00E-01 1 1.31E-08 0.24

2-Butanone 78-93-3 VOC 0.00055 0.00096 2.59E-10 6.OOE-01 1 4.32E-10 0.0078

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 8.49E-10 8.OOE-02 1 1.06E-08 0.19

Acetoned 67-64-1 VOC 0.001511507 0.000512 3.80E-10 9.OOE-01 1 4.22E-10 0.0076

Arsenic 7440-38-2 -- 0.003140238 0.001 --(c) 3.OOE-04 1 -

Barium 7440-39-3 0.072881156 0.001 --(c) 2.OOE-01 0.07 --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 0.025 1.23E-08 2.OOE-02 1 6.14E-07 11

Cadmium 7440-43-9 -- 0.0045 0.001 --(c) 5.OOE-04 0.05 --

Carbon disulfide 75-15-0 VOC 0.00021 0.017 1.75E-09 1.00E-01 1 1.75E-08 0.32

Carbon tetrachloride 56-23-5 VOC 0.000170123 0.016 1.34E-09 7.00E-04 1 1.91E-06 34

Chloride 16887-00-6 -- 9.9702351 0.001 --(c) - 1

Chloroform 67-66-3 VOC 0.000214204 0.0068 7.15E-10 1.00E-02 1 7.15E-08 1.3

Chromium 7440-47-3 -- 0.009493374 0.001 -(c) 1.50E+00 0.013 --

Copper 7440-50-8 -- 0.004884201 0.001 -(c) 4.OOE-02 1

Fluoride 16984-48-8 - 0.30080145 0.001 --(c) 6.OOE-02 1 -

Iron 7439-89-6 -- 0.12126178 0.001 --(c) 7.OOE-01 1 -

Lead 7439-92-1 - 0.000581898 0.0001 -(c) -- 1 -

Manganese 7439-96-5 -- 0.015530827 0.001 --(c) 2.40E-02 0.04 -

Methylene chloride 75-09-2 VOC 0.002069589 0.0035 3.56E-09 6.00E-02 1 5.93E-08 1.1

Nickel 7440-02-0 -- 0.006014142 0.0002 --(c) 2.OOE-02 0.04 -

Nitrate 14797-55-8 - 23.863649 0.001 --(c) 7.10E+00 1 -

Nitrite 14797-65-0 - 0.081906164 0.001 --(c) 3.OOE-01 1 -

Silver 7440-22-4 -- 0.005776818 0.0006 --(c) 5.OOE-03 0.04 -

Strontium 7440-24-6 0.38364144 0.001 -(c) 6.OOE-01 1 --

Sulfate 14808-79-8 -- 45.030868 0.001 -)c) -- -- -

Tetrachloroethene 127-18-4 VOC 0.000872033 0.033 1.41E-08 1.OOE-02 1 1.41E-06 25

Tributyl phosphate' 126-73-8 SVOC 0.012498806 0.0228 1.40E-07 2.OOE-01 1 7.OOE-07 13
Trichloroethene 79-01-6 VOC 0.000433871 0.012 2.56E-09 - 1 --

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 3.70E-09 3.00E-01 1 1.23E-08 0.22

Uranium 7440-61-1 - 0.016629145 0.001 --(c) 3.00E-03 1 --

Vanadium 7440-62-2 -- 0.012904693 0.001 --(c) S.00E-03 1 -
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Zinc 7440-66-6 1 0.068859746 0.0006 --(c) 3.OOE-01 1 -

Total 5.56E-06 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/Generic Tables/index.htm

b EPA/540/R/99/OOS Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Dermal absorption of nonvolatile chemicals is presented in tables D-S and D-6

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Port E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.

HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit C., 95 UCL Kp la,,(cancer) CSFo' GIABS' Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?, (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)' (unitless) (unitless) Contribution
1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 0.013 4.29E-09 -- 1

1,1-Dichloroethane 75-34-3 VOC 0.000255649 0.0067 8.17E-10 - 1 -

1,1-Dichloroethene 75-35-4 VOC 0.00016874 0.012 9.66E-10 - 1 -

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 5.87E-08 - 1 -

1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 0.042 2.62E-09 5.40E-03 1 1.42E-11 0.15
1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 1.28E-09 1.10E-02 1 1.40E-11 0.15
2-Butanone 78-93-3 VOC 0.00055 0.00096 2.52E-10 -- 1 --

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 8.24E-10 -- 1 --

Acetoned 67-64-1 VOC 0.001511507 0.000512 3.69E-10 1 --

Arsenic 7440-38-2 - 0.003140238 0.001 --(c) 1.50E+00 1
Barium 7440-39-3 - 0.072881156 0.001 --(c) -- 0.07 --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 0.025 1.19E-08 1.40E-02 1 1.67E-10 1.8

Cadmium 7440-43-9 - 0.0045 0.001 --(c) - 0.05 --

Carbon disulfide 75-15-0 VOC 0.00021 0.017 1.70E-09 - 1 --

Carbon tetrachloride 56-23-5 VOC 0.000170123 0.016 1.30E-09 1.30E-01 1 1.69E-10 1.8
Chloride 16887-00-6 - 9.9702351 0.001 --(c) - 1 -

Chloroform 67-66-3 VOC 0.000214204 0.0068 6.95E-10 3.10E-02 1 2.15E-11 0.23

Chromium 7440-47-3 -- 0.009493374 0.001 --(c) - 0.013 --

Copper 7440-50-8 0.004884201 0.001 --(c) - 1 --

Fluoride 16984-48-8 - 0.30080145 0.001 -(c) 1

Iron 7439-89-6 -- 0.12126178 0.001 -(c) - 1 -

Lead 7439-92-1 -- 0.000581898 0.0001 -(c) 1

Manganese 7439-96-5 0.015530827 0.001 --(c) -- 0.04 -

Methylene chloride 75-09-2 VOC 0.002069589 0.0035 3.46E-09 7.50E-03 1 2.59E-11 0.28

Nickel 7440-02-0 - 0.006014142 0.0002 --(c) - 0.04 -

Nitrate 14797-55-8 -- 23.863649 0.001 -- (c) 1 --

Nitrite 14797-65-0 -- 0.081906164 0.001 --(c) - 1 -

Silver 7440-22-4 0.005776818 0.0006 -(c) - 0.04 -

Strontium 7440-24-6 - 0.38364144 0.001 -(c) - 1 -

Sulfate 14808-79-8 -- 45.030868 0.001 -(c) -- - -

Tetrachloroethene 127-18-4 VOC 0.000872033 0.033 1.37E-08 5.40E-01 1 7.41E-09 80

Tributyl phosphate' 126-73-8 SVOC 0.012498806 0.0228 1.36E-07 9.20E-03 1 1.25E-09 13

Trichloroethene 79-01-6 VOC 0.000433871 0.012 2.48E-09 8.90E-02 1 2.21E-10 2.4

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 3.60E-09 - 1 -

Uranium 7440-61-1 0.016629145 0.001 -(c) 1

Vanadium 7440-62-2 -- 0.012904693 0.001 --(c) - 1 --

Zinc 7440-66-6 -- 0.068859746 0.0006 --(c) - 1

Total ELCR 9.30E-09 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics.)

Dermal absorption of nonvolatile chemicals is presented in tables D-5 and D-6

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).

Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area - Yakima Nation

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge condensed water

Model assumes 100% volatilization ofVOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4)

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Ykamo Nation Exposure Scenariofor Honford Ste Risk Assessment.

Model assumes concentration of nonvolatiles in condensed water is equal to concentration in water used to create steam

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenariofor CTUIR TraditionalSubsistence Lfeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4, except as noted)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Dermal absorption intake from liquid Id,1 calculated mg/kg-day
Contaminant concentration in water Cdw contaminant-specific mg/L
Body surface area available for contact SA 1.8 M2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event' ET 2 hr/event
Number of sweats per year EF 365 events/yr
Number of years a person sweats in a lifetime ED 68 yr

Average body weight
0  

BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF2 365 day/yr

Conversion factor CF3 10 L/m
2

-cm

Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL Kpb ldI(non-cancer) RfDo GIABSa HQ %
Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 0.013 --(c) 2.00E+00 1
1,1-Dichloroethane 75-34-3 VOC 0.000255649 0.0067 --(c) 2.OOE-01 1 -
1,1-Dichloroethene 75-35-4 VOC 0.00016874 0.012 --(c) 5.OOE-02 1
1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 --(c) 9.00E-02 1
1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 0.042 --(c) 7.00E-02 1
1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 -(c) 1.OE-01 1 -
2-Butanone 78-93-3 VOC 0.00055 0.00096 --(c) 6.OOE-01 1 -
2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 -c) 8.OOE-02 1
Acetoned 67-64-1 VOC 0.001511507 0.000512 -(c) 9.OOE-01 1 --
Arsenic 7440-38-2 0.003140238 0.001 1.61E-06 3.OOE-04 1 5.38E-03 4.2
Barium 7440-39-3 - 0.072881156 0.001 3.75E-05 2.OOE-01 0.07 2.68E-03 2.1
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 0.025 --(c) 2.OOE-02 1
Cadmium 7440-43-9 - 0.0045 0.001 2.31E-06 5.OOE-04 0.05 9.26E-02 72
Carbon disulfide 75-15-0 VOC 0.00021 0.017 --(c) 1.OOE-01 1
Carbon tetrachloride 56-23-5 VOC 0.000170123 0.016 --(c) 7.OOE-04 1
Chloride 16887-00-6 - 9.9702351 0.001 5.13E-03 - 1 -
Chloroform 67-66-3 VOC 0.000214204 0.0068 -- c) 1.OOE-02 1
Chromium 7440-47-3 - 0.009493374 0.001 4.88E-06 1.50E+00 0.013 2.50E-04 0.20
Copper 7440-50-8 - 0.004894201 0.001 2.51E-06 4.OOE-02 1 6.28E-05 0.049
Fluoride 16984-48-8 -- 0.30080145 0.001 1.55E-04 6.OOE-02 1 2.58E-03 2.0
Iron 7439-89-6 - 0.12126178 0.001 6.24E-05 7.OOE-01 1 8.91E-05 0.070
Lead 7439-92-1 0.000581898 0.0001 2.99E-08 - 1 --
Manganese 7439-96-5 - 0.015530827 0.001 7.99E-06 2.40E-02 0.04 8.32E-03 6.5
Methylene chloride 75-09-2 VOC 0.002069589 0.0035 -(c) 6.OOE-02 1 -
Nickel 7440-02-0 0.006014142 0.0002 6.19E-07 2.OOE-02 0.04 7.73E-04 0.60
Nitrate 14797-55-8 - 23.863649 0.001 1.23E-02 7.10E+00 1 1.73E-03 1.3
Nitrite 14797-65-0 -- 0.081906164 0.001 4.21E-05 3.OOE-01 1 1.40E-04 0.11
Silver 7440-22-4 -- 0.005776818 0.0006 1.78E-06 5.OOE-03 0.04 8.91E-03 7.0
Strontium 7440-24-6 - 0.38364144 0.001 1.97E-04 6.OOE-01 1 3.29E-04 0.26
Sulfate 14808-79-8 - 45.030868 0.001 2.32E-02 --
Tetrachloroethene 127-18-4 VOC 0.000872033 0.033 -(c) 1.OOE-02 1
Tributyl phosphated 126-73-8 SVOC 0.012498806 0.0228 -(c) 2.OOE-01 1
Trichloroethene 79-01-6 VOC 0.000433871 0.012 -(c) 1 -
Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 -(c) 3.OOE-01 1 -
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Uranium 7440-61-1 -- 0.016629145 0.001 8.55E-06 3.00E-03 1 2.85E-03 2.2
Vanadium 7440-62-2 -- 0.012904693 0.001 6.64E-06 5.00E-03 1 1.33E-03 1.0
Zinc 7440-66-6 0.068859746 0.0006 2.12E-05 3.00E-01 1 7.08E-05 0.055
Total 1.28E-01 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.

HQ = hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL Kp dI(cancer) CSFoa GIABS Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)
5  

(unitless) (unitless) Contribution

1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 0.013 --(c) - 1 -

1,1-Dichloroethane 75-34-3 VOC 0.000255649 0.0067 -- (c) 1 -

1,1-Dichloroethene 75-35-4 VOC 0.00016874 0.012 --(c) -- 1 -

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 --(c) -- 1 -

1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 0.042 --(c) 5.40E-03 1 -

1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 --(c) 1.10E-02 1 -

2-Butanone 78-93-3 VOC 0.00055 0.00096 -(c) -- 1 --

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 --(c) 1 --

Acetoned 67-64-1 VOC 0.001511507 0.000512 --(c) - 1 -

Arsenic 7440-38-2 - 0.003140238 0.001 1.57E-06 1.50E+00 1 2.35E-06 100

Barium 7440-39-3 - 0.072881156 0.001 3.64E-05 0.07

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 0.025 --(c) 1.40E-02 1

Cadmium 7440-43-9 - 0.0045 0.001 2.25E-06 0.05 -

Carbon disulfide 75-15-0 VOC 0.00021 0.017 --(c) -- 1 --

Carbon tetrachloride 56-23-5 VOC 0.000170123 0.016 -(c) 1.30E-01 1 --

Chloride 16887-00-6 -- 9.9702351 0.001 4.98E-03 - 1

Chloroform 67-66-3 VOC 0.000214204 0.0068 --(c) 3.10E-02 1 -

Chromium 7440-47-3 0.009493374 0.001 4.74E-06 -- 0.013

Copper 7440-50-8 - 0.004884201 0.001 2.44E-06 - 1

Fluoride 16984-48-8 - 0.30080145 0.001 1.50E-04 - 1

Iron 7439-89-6 - 0.12126178 0.001 6.06E-05 - 1

Lead 7439-92-1 -- 0.000581898 0.0001 2.91E-08 1 -

Manganese 7439-96-5 -- 0.015530827 0.001 7.76E-06 0.04 -

Methylene chloride 75-09-2 VOC 0.002069589 0.0035 --(c) 7.50E-03 1

Nickel 7440-02-0 - 0.006014142 0.0002 6.01E-07 - 0.04 -

Nitrate 14797-55-8 23.863649 0.001 1.19E-02 -- 1 -

Nitrite 14797-65-0 0.081906164 0.001 4.09E-05 - 1 -

Silver 7440-22-4 0.005776818 0.0006 1.73E-06 0.04 -

Strontium 7440-24-6 0.38364144 0.001 1.92E-04 - 1 --

Sulfate 14808-79-8 -- 45.030868 0.001 2.25E-02 - -

Tetrachloroethene 127-18-4 VOC 0.000872033 0.033 -(c) 5.40E-01 1 -

Tributyl phosphated 126-73-8 SVOC 0.012498806 0.0228 -(c) 9.20E-03 1

Trichloroethene 79-01-6 VOC 0.000433871 0.012 -(c) 8.90E-02 1 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 --(c) - 1 -

Uranium 7440-61-1 - 0.016629145 0.001 8.31E-06 -- 1

Vanadium 7440-62-2 0.012904693 0.001 6.45E-06 - 1 -

Zinc 7440-66-6 - 0.068859746 0.0006 2.06E-05 - 1

Total ELCR 2.35E-06 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics.)

cModel assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

COPC contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.

VOC = volatile organice compound.
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200-PO-1groundwater operable unit Native American Risk Assessment (5-Year)--near-field exposure area-- Yakima Nation

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Notion Exposure Scenario for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4, except as noted)
Cdw values taken from ECF-200PO1-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from vapor 1dv calculated mg/kg-day

Body surface area available for contact SA 1.8 M2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event' ET 2 hr/day
Number of sweats per year EF 365 days/yr
Exposure duration ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Contaminant concentration Cdw contaminant-specific mg/L
Molecular weight of water MWw 18 g/mole
Ideal gas law constant R 62.37 (mmHg-L)/(gmole-K)
Temperature of the sweat lodge T 338.7 K
Density of liquid water rhow 1000 g/L
Conversion factor CF2  365 day/yr

Conversion factor CF3 10 L/m
2

-cm

' Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit Cd,,95 UCL Kp 1,(non-cancer) RfDo GIABS' HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution
1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 0.013 -- ( 2.OOE+00 1 --

1,1-Dichloroethane 75-34-3 VOC 0.000255649 0.0067 --(c) 2.00E-01 1 --

1,1-Dichloroethene 75-35-4 VOC 0.00016874 0.012 --(c) 5.OOE-02 1 -

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 --(c) 9.OOE-02 1 -

1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 0.042 --(c) 7.OOE-02 1 --

1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 --(c) 1.00E-01 1 --

2-Butanone 78-93-3 VOC 0.00055 0.00096 --(c) 6.OOE-01 1 -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 -- c) 8.OOE-02 1

Acetoned 67-64-1 VOC 0.001511507 0.000512 --(c) 9.00E-01 1
Arsenic 7440-38-2 -- 0.003140238 0.001 2.65E-10 3.00E-04 1 8.82E-07 4.2
Barium 7440-39-3 -- 0.072881156 0.001 6.14E-09 2.00E-01 0.07 4.39E-07 2.1
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 0.025 --(c) 2.00E-02 1 --

Cadmium 7440-43-9 0.0045 0.001 3.79E-10 5.00E-04 0.05 1.52E-05 72
Carbon disulfide 75-15-0 VOC 0.00021 0.017 --(c) 1.00E-01 1 -

Carbon tetrachloride 56-23-5 VOC 0.000170123 0.016 --(c) 7.00E-04 1 --

Chloride 16887-00-6 -- 9.9702351 0.001 8.40E-07 -- 1 --

Chloroform 67-66-3 VOC 0.000214204 0.0068 -c) 1.OOE-02 1 --

Chromium 7440-47-3 -- 0.009493374 0.001 8.00E-10 1.50E+00 0.013 4.10E-08 0.20
Copper 7440-50-8 0.004884201 0.001 4.12E-10 4.00E-02 1 1.03E-08 0.049
Fluoride 16984-48-8 -- 0.30080145 0.001 2.53E-08 6.00E-02 1 4.22E-07 2.0
Iron 7439-89-6 0.12126178 0.001 1.02E-08 7.00E-01 1 1.46E-08 0.070
Lead 7439-92-1 0.000581898 0.0001 4.90E-12 -- 1
Manganese 7439-96-5 -- 0.015530827 0.001 1.31E-09 2.40E-02 0.04 1.36E-06 6.5
Methylene chloride 75-09-2 VOC 0.002069589 0.0035 -- c) 6.00E-02 1 -

Nickel 7440-02-0 -- 0.006014142 0.0002 1.01E-10 2.00E-02 0.04 1.27E-07 0.60
Nitrate 14797-55-8 23.863649 0.001 2.01E-06 7.10E+00 1 2.83E-07 1.3
Nitrite 14797-65-0 -- 0.081906164 0.001 6.90E-09 3.00E-01 1 2.30E-08 0.11
Silver 7440-22-4 0.005776818 0.0006 2.92E-10 5.00E-03 0.04 1.46E-06 7.0
Strontium 7440-24-6 -- 0.38364144 0.001 3.23E-08 6.00E-01 1 5.39E-08 0.26
Sulfate 14808-79-8 45.030868 0.001 3.79E-06 -- -- --

Tetrachloroethene 127-18-4 VOC 0.000872033 0.033 --(c) 1.00E-02 1 -

Tributyl phosphated 126-73-8 SVOC 0.012498806 0.0228 --(c) 2.00E-01 1 -

Trichloroethene 79-01-6 VOC 0.000433871 0.012 --(c) -- 1 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 --(c) 3.00E-01 1 -

Uranium 7440-61-1 0.016629145 0.001 1.40E-09 3.00E-03 1 4.67E-07 2.2
Vanadium 7440-62-2 0.012904693 0.001 1.09E-09 5.00E-03 1 2.17E-07 1.0
Zinc 7440-66-6 0.068859746 0.0006 3.48E-09 3.00E-01 1 1.16E-08 0.055
Total 2.10E-05 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

'Dermal Absorption of volatiles is presented in table D-4

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
-- Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL Kpb l,,(cancer) CSFo' GIABS' Risk %

(mg/kg-day)~

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?' (mg/L) (cm/hr) (mg/kg-day) (unitless) (unitless) Contribution
1,1,1-Trichloroethane 71-55-6 VOC 0.000691076 0.013 --(c) -- 1 --

1,1-Dichloroethane 75-34-3 VOC 0.000255649 0.0067 --(c) -- 1
1,1-Dichloroethene 75-35-4 VOC 0.00016874 0.012 --(c) -- 1 --

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 --(c) - 1 -

1,4-Dichlorobenzene 106-46-7 VOC 0.000130957 0.042 --(c) 5.40E-03 1 --

1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 --(c) 1.10E-02 1 --

2-Butanone 78-93-3 VOC 0.00055 0.00096 --(c) - 1 --

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 --(c) -- 1 --

Acetoned 67-64-1 VOC 0.001511507 0.000512 --(c) - 1 -

Arsenic 7440-38-2 -- 0.003140238 0.001 2.57E-10 1.50E+00 1 3.86E-10 100
Barium 7440-39-3 0.072881156 0.001 5.97E-09 -- 0.07 --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001 0.025 --(c) 1.40E-02 1 --

Cadmium 7440-43-9 -- 0.0045 0.001 3.68E-10 -- 0.05 --

Carbon disulfide 75-15-0 VOC 0.00021 0.017 --(c) -- 1 --

Carbon tetrachloride 56-23-5 VOC 0.000170123 0.016 --(c) 1.30E-01 1 --

Chloride 16887-00-6 9.9702351 0.001 8.16E-07 - 1 -

Chloroform 67-66-3 VOC 0.000214204 0.0068 --(c) 3.10E-02 1 -

Chromium 7440-47-3 0.009493374 0.001 7.77E-10 - 0.013 --

Copper 7440-50-8 0.004884201 0.001 4.00E-10 -- 1 -

Fluoride 16984-48-8 -- 0.30080145 0.001 2.46E-08 -- 1 -

Iron 7439-89-6 -- 0.12126178 0.001 9.93E-09 - 1 -

Lead 7439-92-1 -- 0.000581898 0.0001 4.76E-12 -- 1 -

Manganese 7439-96-5 -- 0.015530827 0.001 1.27E-09 - 0.04 -

Methylene chloride 75-09-2 VOC 0.002069589 0.0035 --(c) 7.50E-03 1 -

Nickel 7440-02-0 0.006014142 0.0002 9.85E-11 - 0.04 -

Nitrate 14797-55-8 23.863649 0.001 1.95E-06 -- 1 -

Nitrite 14797-65-0 0.081906164 0.001 6.70E-09 1 -

Silver 7440-22-4 0.005776818 0.0006 2.84E-10 -- 0.04 -

Strontium 7440-24-6 0.38364144 0.001 3.14E-08 - 1 -

Sulfate 14808-79-8 - 45.030868 0.001 3.69E-06 - -- -

Tetrachloroethene 127-18-4 VOC 0.000872033 0.033 --(c) 5.40E-01 1 -

Tributyl phosphate' 126-73-8 SVOC 0.012498806 0.0228 --(c) 9.20E-03 1
Trichloroethene 79-01-6 VOC 0.000433871 0.012 --(c) 8.90E-02 1 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 --(c) -- 1 -

Uranium 7440-61-1 -- 0.016629145 0.001 1.36E-09 - 1 -

Vanadium 7440-62-2 0.012904693 0.001 1.06E-09 - 1 -

Zinc 7440-66-6 -- 0.068859746 0.0006 3.38E-09 -- 1 -

Total ELCR 3.86E-10 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics.)

Dermal Absorption of volatiles is presented in table D-4

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment information System database found at rais.ornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.

VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area -- Yakima Nation

Cancer risk from inhalation of volatile radioactive contaminants in sweat lodge vapor
Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenario for Honford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in

groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1, except as noted)

Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake 'imh calculated pCi

Contaminant concentration in water Cdw contaminant-specific pCi/L

Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Inhalation rate a IR 26 m3/day

Length of sweat eventb ET 0.083 day/event (2hr/24hr)
Number of sweats per year EF 365 days/yr
Number of years a person sweats in a lifetime ED 68 yr

' Ridolfi (2007, Table 7).
b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cdw 95 UCL linh SFib Risk %

Far-Field Exposure Area Radioactive COPC CAS # Volatile? (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution
Gross alpha 12587-46-1 -- 6.4100896 --(c) -- --

Gross beta 12587-47-2 -- 32.397036 --(c) -- --

lodine-129 15046-84-1 -- 1.9883847 --(c) 6.07E-11 -

Nickel-63 13981-37-8 - 4.07 --(c) 1.64E-12 --

Protactinium-231 14331-85-2 -- 0.308 --(c) 4.55E-08 --

Strontium-90 10098-97-2 -- 0.611 --(c) 1.05E-10 --

Technetium-99 14133-76-7 -- 93.996334 --(c) 1.41E-11 --

Tritium 10028-17-8 Yes 264106.86 1.36E+10 5.62E-14 7.62E-04 100
Total ELCR 7.62E-04 100

a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).
b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of nonvolatile contaminants is presented in Table D-8
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R-92/003 Risk Assessment Guidance for Superfund: Volume I -- Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Far-field exposure area -- Yakima Nation

Cancer risk from inhalation of nonvolatile radioactive contaminants in sweathouse vapor
Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakoma Notion Exposure Scenariofor Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake lIn calculated pCi
Contaminant concentration in water Cd, contaminant-specific pCi/L
Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Inhalation rate IR 26 m3/day

Length of sweat eventb ET 0.083 day/event (2hr/24hr)
Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr

Molecular weight of water MWw 18 g/mole
Density of liquid water rhow 1000 g/L
Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m5)/gmole*K)
' Ridolfi (2007, Table 7).
b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL lib SFi
5  

Risk %

Far-Field Exposure Area Radioactive COPC CAS # Volatile?' (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution
Gross alpha 12587-46-1 - 6.4100896 5.65E+04 -- -

Gross beta 12587-47-2 -- 32.397036 2.85E+05 -- --

lodine-129 15046-84-1 - 1.9883847 1.75E+04 6.07E-11 1.06E-06 0.78
Nickel-63 13981-37-8 - 4.07 3.59E+04 1.64E-12 5.88E-08 0.043
Protactinium-231 14331-85-2 -- 0.308 2.71E+03 4.55E-08 1.23E-04 90
Strontium-90 10098-97-2 -- 0.611 5.38E+03 1.05E-10 5.65E-07 0.41
echnetium-99 14133-76-7 -- 93.996334 8.28E+05 1.41E-11 1.17E-05 8.5

Tritium 10028-17-8 Yes 264106.86 --(c) 5.62E-14 -

Total ELCR 1.37E-04 100

'Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).
Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of volatile contaminants in presented in table D-7
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R-92/003 RiskAssessment Guidancefor Superfund: Volume I - Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (5-Year)-Summary of Yakima Nationa Sweat Lodge ExposureScenario Noncancer Hazard Results for Nonradioactive COPCs in Groundwater.
HQ (Inhalation) HQ (Dermal, Vapor, HQ (Dermal, Liquid, HQ (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? HQ (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total HI %
Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution

1,2,3,4,6,7,8-
Heptachlorodibenzodioxin 3.734E-09 - -

1,2,3,4,6,7,8-
Heptachlorodibenzofuran 5.66E-09 - -

1,2,3,4,7,8-
Hexachlorodibenzofuran 2.9E-09 - - -

1,2,3,6,7,8-
Hexachlorodibenzofuran 2.1E-09 --

1,2-Dichloroethane 0.00064 VOC 2.76E-05 -- 6.60E-08 - 2.77E-05 3.94E-05

2,3,4,6-Tetrachlorophenol 0.0077 SVOC - 8.95E-06 -- 8.95E-06 1.28E-05
Aluminum 0.046776593 -- 1.66E-01 - 2.41E-05 3.94E-09 1.66E-01 0.24
Arsenic 0.00579213 - - 6.85E+00 - 9.93E-03 1.63E-06 6.86E+00 9.8
Barium 0.053448218 - - 1.90E+00 - 1.96E-03 3.22E-07 1.90E+00 2.7
Beryllium 0.000342265 - - 3.04E-01 1.26E-02 2.06E-06 3.16E-01 0.45

Bis(2-ethylhexyl) phthalate 0.011 SVOC 6.75E-06 - 6.75E-06 9.63E-06
Cadmium 0.002729138 - - 4.84E+00 - 5.61E-02 9.20E-06 4.90E+00 7.0
Carbon tetrachloride 0.000282669 VOC 1.54E-04 - 3.17E-06 - 1.57E-04 2.24E-04
Chloride 12.62269 -

Chloroform 0.00038106 VOC 4.02E-04 -- 1.27E-07 - - 4.02E-04 5.74E-04
Chromium 0.015259293 - 4.02E-04 6.59E-08 4.03E-04 5.74E-04
Cobalt 0.004495239 -- - 1.33E+01 3.08E-03 5.05E-07 1.33E+01 19
Copper 0.004447607 -- - 5.72E-05 9.37E-09 5.72E-05 8.16E-05
Fluoride 0.2940596 - - 4.02E-01 - 2.52E-03 4.13E-07 4.04E-01 0.58
Hexavalent Chromium 0.191 - 3.39E+01 - 2.62E+00 4.29E-04 3.65E+01 52
Iron 0.090209963 - 6.63E-05 1.09E-08 6.63E-05 9.45E-05
Lead 0.001548018 -- --

Manganese 0.006198141 -- -- 2.20E+00 - 3.32E-03 5.44E-07 2.20E+00 3.1
Nickel 0.011729633 - - 2.31E+00 1.51E-03 2.47E-07 2.31E+00 3.3
Nitrate 34.098186 -- - - 2.47E-03 4.05E-07 2.47E-03 0.0035
Nitrite 0.057119962 -- 9.79E-05 1.60E-08 9.79E-05 1.40E-04
Nitrogen in Nitrite and
Nitrate 14.7 -- - 4.73E-03 7.74E-07 4.73E-03 0.0067

Octachlorodibenzofuran 9.9649E-09 - - -

Octachlorodibenzo-p-dioxin 5.8071E-09 --

Silver 0.005686587 - -- - -- 8.77E-03 1.44E-06 8.78E-03 0.013
Strontium 0.2694514 - - - 2.31E-04 3.78E-08 2.31E-04 3.29E-04
Sulfate 64.094058 - --

Toluene 3.56519E-05 VOC 7.38E-07 - 6.78E-09 - 7.44E-07 1.06E-06
Total petroleum
hydrocarbons - gasoline
range 0.05 --

Trichloroethene 0.000563286 VOC 1.66E-03 - 1.66E-03 0.0024
Uranium 0.020191069 - 1.19E+00 - 3.46E-03 5.67E-07 1.20E+00 1.7
Vanadium 0.02186531 - -- -- 2.25E-03 3.69E-07 2.25E-03 0.0032
Zinc 0.095789222 -- - -- - 9.85E-05 1.61E-08 9.85E-05 1.41E-04
Total 2.25E-03 67.38 1.91E-05 2.73 0.00 70.12 100
a Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in groundwater used to make steam. Evaluation performed using steam
model from CTUIR sweat lodge scenario (Harris and Harper 2004).
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ = hazard quotient.
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HI = hazard index.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (5-Year)--Summary of Yakima Nationa Sweat Lodge Exposure Scenario Cancer Risk Results for Nonradioactive COPCs in Groundwater.
Risk (Inhalation) Risk (Dermal, Vapor, Risk (Dermal, Liquid, Risk (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? Risk (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total Risk %

Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution

1,2,3,4,6,7,8-
Heptachlorodibenzodioxin 3.734E-09 - - 2.45E-08 - -- - 2.45E-08 1.01E-05

1,2,3,4,6,7,8-
Heptachlorodibenzofuran 5.66E-09 - - 3.71E-08 - .33E-06 8.73E-10 5.37E-06 0.0022

1,2,3,4,7,8-
Hexachlorodibenzofuran 2.9E-09 - - 1.90E-07 - 4.24E-05 6.94E-09 4.26E-05 0.018

1,2,3,6,7,8-
Hexachlorodibenzofuran 2.1E-09 --- 1.38E-07 -- 3.07E-05 5.03E-09 3.08E-05 0.013
1,2-Dichloroethane 0.00064 VOC 1.67E-06 1.17E-10 -- 1.67E-06 6.88E-04

2,3,4,6-Tetrachlorophenol 0.0077 SVOC - - --

Aluminum 0.046776593 - -----

Arsenic 0.00579213 - - 4.29E-04 -- 4.34E-06 7.11E-10 4.34E-04 0.18
Barium 0.053448218 - ---

Beryllium 0.000342265 - - 1.42E-05 - - 1.42E-05 0.0058

Bis(2-ethylhexyl) phthalate 0.011 SVOC 2.65E-06 - 1.84E-09 - 2.65E-06 0.0011
Cadmium 0.002729138 - 8.47E-05 - -- 8.47E-05 0.035
Carbon tetrachloride 0.000282669 VOC 4.26E-07 - 2.80E-10 - 4.26E-07 1.75E-04
Chloride 12.62269 - - -

Chloroform 0.00038106 VOC 8.81E-07 - 3.83E-11 - - 8.81E-07 3.62E-04
Chromium 0.015259293 - - -- -

Cobalt 0.004495239 - - 6.98E-04 - - - 6.98E-04 0.29
Copper 0.004447607 - - - - - -

Fluoride 0.2940596- -- -

Hexavalent Chromium 0.191 - - 2.42E-01 - -- 2.42E-01 99
Iron 0.090209963 --- -- --

Lead 0.001548018 - - --

Manganese 0.006198141 -- - - -- -- -

Nickel 0.011729633 - - 5.26E-05 - - -- 5.26E-05 0.022
Nitrate 34.098186 - -- --

Nitrite 0.057119962 -- - -

Nitrogen in Nitrite and
Nitrate 14.7 - - -

Octachlorodibenzofuran 9.9649E-09 - - 1.96E-09 5.11E-07 8.37E-11 5.13E-07 2.11E-04

Octachlorodibenzo-p-dioxin 5.8071E-09 - - 1.14E-09 - 1.31E-07 2.15E-11 1.32E-07 5.45E-05
Silver 0.005686587 - - - - -

Strontium 0.2694514 - - - -

Sulfate 64.094058 - - -

Toluene 3.56519E-05 VOC - --- -

Total petroleum
hydrocarbons - gasoline
range 0.05 - - --

Trichloroethene 0.000563286 VOC 1.42E-06 - 2.87E-10 - - 1.42E-06 5.82E-04
Uranium 0.020191069 - - - -

Vanadium 0.02186531 - - -

Zinc 0.095789222 -- - -- -

Total ELCR 7.05E-06 2.43E-01 2.56E-09 8.34E-05 1.37E-08 2.43E-01 100

a Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in groundwater used to make steam. Evaluation performed using steam
model from CTUIR sweat lodge scenario (Harris and Harper 2004).
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (5-Year)-Summary of Yakima Nation Sweat Lodge Exposure Scenario Cancer Risk Results for Radioactive COPCs in
Groundwater.

Risk (Inhalation)
COPC 95 UCL Groundwater Volatile?' Risk (Inhalation) (Volatiles) (Nonvolatiles) Risk (Dermal) Total Risk %

Concentration (pCi/L) (unitless) (unitless) (unitless) (unitless) Contribution
Gross alpha 5.3264311 No -

Iodine-129 2.708038 No - 1.45E-06 1.45E-06 0.18
Plutonium-239/240 0.029 No - 8.51E-06 8.51E-06 1.1
Protactinium-231 0.28 No - 1.12E-04 1.12E-04 14
Strontium-90 4.3004432 No - 3.98E-06 - 3.98E-06 0.51
Technetium-99 1667.3497 No - 2.07E-04 -- 2.07E-04 26
Tritium 156901.45 Yes 4.53E-04 - - 4.53E-04 58
Total ELCR 4.53E-04 3.33E-04 -- 7.86E-04 100
'Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.
- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper 2004, Exposure Scenoriofor CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1groundwater operable unit Native American Risk Assessment (5-Year)-Near-field exposure area-- Yakima Nation

Hazard quotient and cancer risk from inhalation of VOCs/SVOCs in sweat lodge vapor
Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Notion Exposure Scenario for Hanford Site Risk Assessment .

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifewoys

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1, except as noted)
Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Inhalation intake lmhs calculated mg/kg-day
Contaminant concentration in water Ce contaminant-specific mg/L
Volume of water used ina sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Inhalation rate' IR 26 m
3
/day

Length of sweat event b ET 0.083 day/event (2hr/24hr)
Number of sweats per year EF 365 days/yr
Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF 365 day/yr
a Ridolfi (2007, Table 7).

b Average reported Yakama Nation time spent inside sweathouse is5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit C,95UCL linh(non-cancer) RfCi' RfDi
5  

HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (mg/kg-day) (mg/m
3
) (mg/kg-day) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 - 3.734E-09 -(c) -
1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 - 5.66E-09 -(c) - --

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 - 2.9E-09 -Ac) -
1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 -- 2.1E-09 --(c) -- -
1,2-Dichloroethane 107-06-2 VOC 0.00064 1.89E-05 2.40E+00 6.86E-01 2.76E-05 1.2
2,3,4,6-Tetrachlorophenol 58-90-2 SVOC 0.0077 2.28E-04 -

Aluminum 7429-90-5 - 0.046776593 --(c) 5.OOE-03 1.43E-03 --
Arsenic 7440-38-2 - 0.00579213 -(c) 1.50E-05 4.29E-06 -
Barium 7440-39-3 - 0.053448218 --(c) 5.00E-04 1.43E-04 -
Beryllium 7440-41-7 - 0.000342265 --(c) 2.00E-05 5.71E-06 -
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 3.25E-04 -- -

Cadmium 7440-43-9 0.002729138 --(c) 1.00E-05 2.86E-06 -

Carbon tetrachloride 56-23-5 VOC 0.000282669 8.35E-06 1.90E-01 5.43E-02 1.54E-04 6.8
Chloride 16887-00-6 12.62269 -c) -- --

Chloroform 67-66-3 VOC 0.00038106 1.13E-05 9.80E-02 2.80E-02 4.02E-04 18
Chromium 7440-47-3 0.015259293 --)c) - --

Cobalt 7440-48-4 - 0.004495239 --(c) 6.OOE-06 1.71E-06 -
Copper 7440-50-8 - 0.004447607 --(c) - -
Fluoride 16984-48-8 - 0.2940596 --(c) 1.30E-02 3.71E-03 -
Hexavalent Chromium 18540-29-9 -- 0.191 -(c) 1.00E-04 2.86E-05 -
Iron 7439-89-6 - 0.090209963 --(c) -
Lead 7439-92-1 -- 0.001548018 --(c) - -
Manganese 7439-96-5 0.006198141 --(c) 5.OOE-05 1.43E-05 -
Nickel 7440-02-0 - 0.011729633 -c) 9.OOE-05 2.57E-05 -

Nitrate 14797-55-8 -- 34.098186 --(c) -- -
Nitrite 14797-65-0 - 0.057119962 --(c) - -- --

Nitrogen in Nitrite and Nitrate N02+NO3-N -- 14.7 --(c)- --

Octachlorodibenzofuran 39001-02-0 - 9.9649E-09 --(c) - -
Octachlorodibenzo-p-dioxin 3268-87-9 5.8071E-09 --(c) -- -- --

Silver 7440-22-4 - 0.005686587 --(c) - -
Strontium 7440-24-6 - 0.2694514 --(c) -- -
Sulfate 14808-79-8 - 64.094058 --(c) - -
Toluene 108-88-3 VOC 3.56519E-05 1.05E-06 5.00E+00 1.43E+00 7.38E-07 0.033
Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 --(c) - -
Trichloroethene 79-01-6 VOC 0.000563286 1.66E-05 3.50E-02 1.00E-02 1.66E-03 74
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Uranium 7440-61-1 - 0.020191069 --(c) 3.00E-04 8.57E-05
Vanadium 7440-62-2 -- 0.02186531 --(c) -- --

Zinc 7440-66-6 -- 0.095789222 --(c) -- --

Total 2.25E-03 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x20 (m3/day) x 1/70 (kg).

Inhalation of nonvolatile chemicals is presented in Table D-11
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume!: Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit C5, 95 UCL lih(cancer) IUR' SFi
5  

Risk %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (mg/kg-day) (pg/m
5

) (kg-day/mg) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 - 3.734E-09 -(c) 3.80E-01 1.33E+03 -

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 - 5.66E-09 -(c) 3.80E-01 1.33E+03 -

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 - 2.9E-09 -(c) 3.80E+00 1.33E+04 -

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 - 2.1E-09 --(c) 3.80E+00 1.33E+04 --

1,2-Dichloroethane 107-06-2 VOC 0.00064 1.84E-05 2.60E-05 9.10E-02 1.67E-06 24
2,3,4,6-Tetrachlorophenol 58-90-2 SVOC 0.0077 2.21E-04 -- -

Aluminum 7429-90-5 - 0.046776593 --(c)- -
Arsenic 7440-38-2 - 0.00579213 --(c) 4.30E-03 1.51E+01 --

Barium 7440-39-3 -- 0.053448218 --(c) -- -
Beryllium 7440-41-7 0.000342265 --(c) 2.40E-03 8.40E+00 --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 3.16E-04 2.40E-06 8.40E-03 2.65E-06 38
Cadmium 7440-43-9 - 0.002729138 --(c) 1.80E-03 6.30E+00 --

Carbon tetrachloride 56-23-5 VOC 0.000282669 8.12E-06 1.50E-05 5.25E-02 4.26E-07 6.0
Chloride 16887-00-6 - 12.62269 --(c) - --

Chloroform 67-66-3 VOC 0.00038106 1.09E-05 2.30E-05 8.05E-02 8.81E-07 12
Chromium 7440-47-3 - 0.015259293 --(c) -- --

Cobalt 7440-48-4 - 0.004495239 --(c) 9.00E-03 3.15E+01 -

Copper 7440-50-8 - 0.004447607 --(c)- --

Fluoride 16984-48-8 0.2940596 --(c) - -
Hexavalent Chromium 18540-29-9 - 0.191 -- (c) 8.40E-02 2.94E+02 --

Iron 7439-89-6 0.090209963 -- (c) - -- -

Lead 7439-92-1 -- 0.001548018 --(c) - -

Manganese 7439-96-5 -- 0.006198141 --(c) - - -

Nickel 7440-02-0 - 0.011729633 -- (c) 2.60E-04 9.10E-01 -

Nitrate 14797-55-8 -- 34.098186 --(c) -
Nitrite 14797-65-0 -- 0.057119962 --(c) - - -

Nitrogen in Nitrite and Nitrate N02+NO3-N - 14.7 --(c) - -
Octachlorodibenzofuran 39001-02-0 - 9.9649E-09 --(c) 1.14E-02 3.99E+01 -

Octachlorodibenzo-p-dioxin 3268-87-9 - 5.8071E-09 --(c) 1.14E-02 3.99E+01 -

Silver 7440-22-4 - 0.005686587 --(c) - -
Strontium 7440-24-6 0.2694514 --(c) --
Sulfate 14808-79-8 -- 64.094058 --(c) - - -

Toluene 108-88-3 VOC 3.56519E-05 1.02E-06 - - -

Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 --(c) - -
Trichloroethene 79-01-6 VOC 0.000563286 1.62E-05 2.50E-05 8.75E-02 1.42E-06 20
Uranium 7440-61-1 - 0.020191069 --(c) - - -

Vanadium 7440-62-2 - 0.02186531 --(c) - -- -

Zinc 7440-66-6 - 0.095789222 --(c) - - --

Total ELCR 7.05E-06 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

c inhalation of nonvolatile chemicals is presented in Table D-11
- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA 540/1-89/002 RiskAssessment GuidonceforSuperfund Volume 1: Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Near-field exposure area -- Yakima Nation

Hazard quotient and cancer risk from inhalation of nonvolatiles in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Notion Exposure Scenariofor Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 2, except as noted)
Cdw values taken from ECF-200PO1-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake lih calculated mg/kg-day

Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m )/gmole*K)

Inhalation rate" IR 26 m3/day

Length of sweat eventb ET 0.083 day/event (2hr/24hr)

Number of sweats per year EF 365 days/yr
Exposure duration ED 68 yr

Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion Factor CF 365 day/yr
Contaminant concentration Cdw contaminant-specific mg/L
Molecular weight of water MWw 18 g/mole
Density of liquid water rhow 1000 g/L

a Ridolfi (2007, Table 7).
b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cw 95 UCL ldI(non-cancer) RfCi' RfDi HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?" (mg/L) (mg/kg-day) (mg/m 3) (mg/kg-day) (unitless) Contribution

1, 2,3,4,6,7,8-He ptachlorodibenzodioxin 35822-46-9 -- 3.734E-09 1.89E-11 -

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 -- 5.66E-09 2.87E-11 -- -- --

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 -- 2.9E-09 1.47E-11 -

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 -- 2.1E-09 1.07E-11
1,2-Dichloroethane 107-06-2 VOC 0.00064 --(c) 2.40E+00 6.86E-01
2,3,4,6-Tetrachlorophenol 58-90-2 SVOC 0.0077 --(c) -- -- --

Aluminum 7429-90-5 -- 0.046776593 2.37E-04 5.OOE-03 1.43E-03 1.66E-01 0.25

Arsenic 7440-38-2 -- 0.00579213 2.94E-05 1.50E-05 4.29E-06 6.85E+00 10
Barium 7440-39-3 -- 0.053448218 2.71E-04 5.OOE-04 1.43E-04 1.90E+00 2.8

Beryllium 7440-41-7 0.000342265 1.74E-06 2.OOE-05 5.71E-06 3.04E-01 0.45

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 -c) -- -- --

Cadmium 7440-43-9 -- 0.002729138 1.38E-05 1.ODE-05 2.86E-06 4.84E+00 7.2
Carbon tetrachloride 56-23-5 VOC 0.000282669 --(c) 1.90E-01 5.43E-02 -

Chloride 16887-00-6 -- 12.62269 6.40E-02 -- -- --

Chloroform 67-66-3 VOC 0.00038106 --(c) 9.80E-02 2.80E-02 -

Chromium 7440-47-3 -- 0.015259293 7.74E-05 -- -- --

Cobalt 7440-48-4 -- 0.004495239 2.28E-05 6.00E-06 1.71E-06 1.33E+01 20
Copper 7440-50-8 -- 0.004447607 2.26E-05 -- -- --

Fluoride 16984-48-8 -- 0.2940596 1.49E-03 1.30E-02 3.71E-03 4.02E-01 0.60
Hexavalent Chromium 18540-29-9 -- 0.191 9.69E-04 1.OOE-04 2.86E-05 3.39E+01 50
Iron 7439-89-6 0.090209963 4.58E-04
Lead 7439-92-1 -- 0.001548018 7.85E-06 -- -- --

Manganese 7439-96-5 0.006198141 3.14E-05 5.OE-05 1.43E-05 2.20E+00 3.3
Nickel 7440-02-0 -- 0.011729633 5.95E-05 9.OOE-05 2.57E-05 2.31E+00 3.4
Nitrate 14797-55-8 -- 34.098186 1.73E-01 - - --

Nitrite 14797-65-0 -- 0.057119962 2.90E-04 -- -- --

Nitrogen in Nitrite and Nitrate NO2+NO3-N -- 14.7 7.46E-02 -- -

Octachlorodibenzofuran 39001-02-0 - 9.9649E-09 5.05E-11

Octachlorodibenzo-p-dioxin 3268-87-9 - 5.8071E-09 2.95E-11 -- -- --

Silver 7440-22-4 - 0.005686587 2.88E-05 - -

Strontium 7440-24-6 0.2694514 1.37E-03 -- -

Sulfate 14808-79-8 - 64.094058 3.25E-01 -- - --

Toluene 108-88-3 VOC 3.56519E-05 --(c) 5.OOE+00 1.43E+00 --

Total petroleum hydrocarbons - gasoline range TPHGASOLINE 0.05 2.54E-04 -- --

Trichloroethene 79-01-6 VOC 0.000563286 --(c) 3.50E-02 1.OOE-02 --

Uranium 7440-61-1 -- 0.020191069 1.02E-04 3.OOE-04 8.57E-05 1.19E+00 1.8
Vanadium 7440-62-2 -- 0.02186531 1.11E-04 --

Zinc 7440-66-6 0.095789222 4.86E-04 - - -

Total 67.4 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

Inhalation of volatile compounds in vapor is presented in Table D-10
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cdw 95 UCL ld(cancer) IUR' SFib Risk %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (pg/m 3
-1 (kg-day/mg) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 -- 3.734E-09 1.84E-11 3.80E-01 1.33E+03 2.45E-08 1.01E-05
1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 -- 5.66E-09 2.79E-11 3.80E-01 1.33E+03 3.71E-08 1.53E-05
1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 2.9E-09 1.43E-11 3.80E+00 1.33E+04 1.90E-07 7.82E-05
1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 -- 2.1E-09 1.03E-11 3.80E+00 1.33E+04 1.38E-07 5.66E-05
1,2-Dichloroethane 107-06-2 VOC 0.00064 --(c) 2.60E-05 9.10E-02 --

2,3,4,6-Tetrachlorophenol 58-90-2 SVOC 0.0077 --(c) -- -- --

Aluminum 7429-90-5 -- 0.046776593 2.30E-04 -- -- --

Arsenic 7440-38-2 -- 0.00579213 2.85E-05 4.30E-03 1.51E+01 4.29E-04 0.18
Barium 7440-39-3 -- 0.053448218 2.63E-04 -- -- --

Beryllium 7440-41-7 -- 0.000342265 1.69E-06 2.40E-03 8.40E+00 1.42E-05 0.0058
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 --(c) 2.40E-06 8.40E-03 --

Cadmium 7440-43-9 -- 0.002729138 1.34E-05 1.80E-03 6.30E+00 8.47E-05 0.035
Carbon tetrachloride 56-23-5 VOC 0.000282669 --(c) 1.50E-05 5.25E-02 -

Chloride 16887-00-6 -- 12.62269 6.22E-02 -- --

Chloroform 67-66-3 VOC 0.00038106 --(c) 2.30E-05 8.05E-02 --

Chromium 7440-47-3 -- 0.015259293 7.52E-05 --

Cobalt 7440-48-4 -- 0.004495239 2.21E-05 9.OOE-03 3.15E+01 6.98E-04 0.29
Copper 7440-50-8 -- 0.004447607 2.19E-05 -- -- --

Fluoride 16984-48-8 -- 0.2940596 1.45E-03 --

Hexavalent Chromium 18540-29-9 -- 0.191 9.41E-04 8.40E-02 2.94E+02 2.42E-01 99
Iron 7439-89-6 -- 0.090209963 4.44E-04 - --

Lead 7439-92-1 -- 0.001548018 7.63E-06 -

Manganese 7439-96-5 -- 0.006198141 3.05E-05 - - --

Nickel 7440-02-0 -- 0.011729633 5.78E-05 2.60E-04 9.10E-01 5.26E-05 0.022
Nitrate 14797-55-8 -- 34.098186 1.68E-01 -- -- --

Nitrite 14797-65-0 - 0.057119962 2.81E-04 -- -- -

Nitrogen in Nitrite and Nitrate N02+NO3-N -- 14.7 7.24E-02 -- -- --

Octachlorodibenzofuran 39001-02-0 -- 9.9649E-09 4.91E-11 1.14E-02 3.99E+01 1.96E-09 8.06E-07
Octachlorodibenzo-p-dioxin 3268-87-9 -- 5.8071E-09 2.86E-11 1.14E-02 3.99E+01 1.14E-09 4.70E-07
Silver 7440-22-4 - 0.005686587 2.80E-05 -- -- --

Strontium 7440-24-6 - 0.2694514 1.33E-03 - --

Sulfate 14808-79-8 -- 64.094058 3.16E-01 - -- --

Toluene 108-88-3 VOC 3.56519E-05 --(c) -- --

Total petroleum hydrocarbons - gasoline range TPHGASOLINE -- 0.05 2.46E-04 - -- -

Trichloroethene 79-01-6 VOC 0.000563286 --(c) 2.50E-05 8.75E-02 --

Uranium 7440-61-1 0.020191069 9.95E-05 -- -- -

Vanadium 7440-62-2 -- 0.02186531 1.08E-04 -- - --

Zinc 7440-66-6 -- 0.095789222 4.72E-04- --

Total ELCR 2.43E-01 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

Inhalation of volatile compounds in vapor is presented in Table D-10

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper, 2004, Exposure Scenorio for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Near-field exposure area-- Yakima Nation

Hazard quotient and cancer risk from dermal exposure to VOCs/SVOCs in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water ()dl)
can be neglected and total dermal intake(Idtotal) is equal to dermal intake from VOCs/SVOCs in sweat lodge vapor (Id,v)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 3, except as noted)
Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Dermal absorption intake from vapor Idd calculated mg/kg-day
Contaminant concentration in water Cdw contaminant-specific mg/L
Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Body surface area available for contact SA 1.8 m2
Permeability constant Kp contaminant-specific cm/hr

Length of sweat event' ET 2 hr/event
Number of sweats per year EF 365 events/yr
Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF1 0.01 m/cm
Conversion factor CF2 365 day/yr
a Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cdw95 UCL Kp bsv(non-cancer) RfDo GIABS HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution1
,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 3.734E-09 -(--(c) 1

1,2,3,4,6,7,8-Heptachlorodibenzofurand 67562-39-4 5.66E-09 1.45 --(c) 1
1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 2.9E-09 2.25 --(c) -- 1 -
1,2,3,6,7,8-Hexachlorodibenzofuranc 57117-44-9 2.1E-09 2.25 --(c) - 1 -
1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 1.32E-09 2.00E-02 1 6.60E-08 0.35
2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 2.68E-07 3.OOE-02 1 8.95E-06 47
Aluminum 7429-90-5 - 0.046776593 0.001 --(c) 1.OOE+00 1 -
Arsenic 7440-38-2 - 0.00579213 0.001 -(c) 3.OOE-04 1
Barium 7440-39-3 - 0.053448218 0.001 --(c) 2.OOE-01 0.07 -
Beryllium 7440-41-7 0.000342265 0.001 --(c) 2.OOE-03 0.007 -
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 1.35E-07 2.OOE-02 1 6.75E-06 35
Cadmium 7440-43-9 - 0.002729138 0.001 --(c) 5.OOE-04 0.05
Carbon tetrachloride 56-23-5 VOC 0.000282669 0.016 2.22E-09 7.OOE-04 1 3.17E-06 17
Chloride 16887-00-6 12.62269 0.001 --(c) - 1 -
Chloroform 67-66-3 VOC 0.00038106 0.0068 1.27E-09 1.OOE-02 1 1.27E-07 0.67
Chromium 7440-47-3 - 0.015259293 0.001 --(c) 1.50E+00 0.013
Cobalt 7440-48-4 - 0.004495239 0.0004 --(c) 3.OOE-04 1
Copper 7440-50-8 0.004447607 0.001 --(c) 4.OOE-02 1
Fluoride 16984-48-8 - 0.2940596 0.001 --(c) 6.OOE-02 1
Hexavalent Chromium 18540-29-9 - 0.191 0.002 --(c) 3.OOE-03 0.025
Iron 7439-89-6 -- 0.090209963 0.001 --(c) 7.00E-01 1
Lead 7439-92-1 - 0.001548018 0.0001 -(c) - 1
Manganese 7439-96-5 - 0.006198141 0.001 --(c) 2.40E-02 0.04 -
Nickel 7440-02-0 - 0.011729633 0.0002 --(c) 2.OOE-02 0.04
Nitrate 14797-55-8 34.098186 0.001 --(c) 7.10E+00 1
Nitrite 14797-65-0 - 0.057119962 0.001 --(c) 3.OOE-01 1
Nitrogen in Nitrite and Nitrate N02+NO3-N 14.7 0.001 -c) 1.60E+00 1

Octachlorodibenzofurand 39001-02-0 -- 9.9649E-09 2.63 --(c) 1

Octachlorodibenzo-p-dioxind 3268-87-9 - 5.8071E-09 1.16 --(c) 1
Silver 7440-22-4 - .005686587 0.0006 --(c) 5.00E-03 0.04 -
Strontium 7440-24-6 - 0.2694514 0.001 --(c) 6.00E-01 1 -
Sulfate 14808-79-8 - 64.094058 0.001 --(c) -
Toluene 108-88-3 VOC 3.56519E-05 0.031 5.43E-10 8.00E-02 1 6.78E-09 0.036
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Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 - --(c) - --
Trichloroethene 79-01-6 VOC 0.000563286 0.012 3.32E-09 - 1
Uranium 7440-61-1 - 0.020191069 0.001 --(c) 3.00E-03 1 --
Vanadium 7440-62-2 - 0.02186531 0.001 --(c) 5.00E-03 1 -

Zinc 7440-66-6 -- 0.095789222 0.0006 -(c) 3.00E-01 1 -

Total 1.91E-05 100
a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_ table/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics except tributyl phosphate). Tributyl phosphate value taken from Risk Assessment information System http://rais.orni.gov

Dermal absorption of nonvolatile chemicals in sweat lodge vapor is presented in Table D-14

the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment information System database found at rais.ornigov
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
E PA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ = hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL Kpb l ,,(cancer) CSFo' GIABS' Risk %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)' (unitless) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 -- 3.734E-09 - --(c) 1.30E+03 1 --

1,2,3,4,6,7,8-Heptachlorodibenzofuran' 67562-39-4 -- 5.66E-09 1.45 --(c) 1.30E+03 1 --

1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 -- 2.9E-09 2.25 --(c) 1.30E+04 1 -

1,2,3,6,7,8-Hexachlorodibenzofuranc 57117-44-9 - 2.OE-09 2.25 --(c) 1.30E+04 1
1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 1.28E-09 9.10E-02 1 1.17E-10 4.6

2,3,4,6-Tetrachlorophenol' 58-90-2 SVOC 0.0077 0.071 2.61E-07 -- 1 --

Aluminum 7429-90-5 - 0.046776593 0.001 --(c) 1 --

Arsenic 7440-38-2 - 0.00579213 0.001 --(c) 1.50E+00 1 --

Barium 7440-39-3 - 0.053448218 0.001 --(c) 0.07 --

Beryllium 7440-41-7 - 0.000342265 0.001 --(c) - 0.007 --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 1.31E-07 1.40E-02 1 1.84E-09 72
Cadmium 7440-43-9 - 0.002729138 0.001 --(c) -- 0.05
Carbon tetrachloride 56-23-5 VOC 0.000282669 0.016 2.16E-09 1.30E-01 1 2.80E-10 11
Chloride 16887-00-6 -- 12.62269 0.001 --(c) -- 1 -

Chloroform 67-66-3 VOC 0.00038106 0.0068 1.24E-09 3.10E-02 1 3.83E-11 1.5
Chromium 7440-47-3 - 0.015259293 0.001 --(c) -- 0.013 -

Cobalt 7440-48-4 - 0.004495239 0.0004 --(c) 1
Copper 7440-50-8 - 0.004447607 0.001 --(c) - 1 -

Fluoride 16984-48-8 0.2940596 0.001 --(c) - 1 -

Hexavalent Chromium 18540-29-9 0.191 0.002 --(c) 0.025
Iron 7439-89-6 0.090209963 0.001 --(c) - 1
Lead 7439-92-1 0.001548018 0.0001 -- (c) - 1
Manganese 7439-96-5 0.006198141 0.001 -- (c) - 0.04 -

Nickel 7440-02-0 - 0.011729633 0.0002 --(c) - 0.04

Nitrate 14797-55-8 - 34.098186 0.001 --(c) 1 -

Nitrite 14797-65-0 - 0.057119962 0.001 --(c) -- 1
Nitrogen in Nitrite and Nitrate N02+NO3-N - 14.7 0.001 --(c) - 1 -

Octachlorodibenzofurand 39001-02-0 - 9.9649E-09 2.63 --(c) 3.90E+01 1 -

Octachlorodibenzo-p-dioxind 3268-87-9 - 5.8071E-09 1.16 --(c) 3.90E+01 1 -

Silver 7440-22-4 - 0.005686587 0.0006 --(c) - 0.04 -

Strontium 7440-24-6 - 0.2694514 0.001 -(c) -- 1 -

Sulfate 14808-79-8 - 64.094058 0.001 --(c)
Toluene 108-88-3 VOC 3.56519E-05 0.031 5.27E-10 -- 1
Total petroleum hydrocarbons - gasoline range TPHGASOLINE 0.05 --(c) - - -

Trichloroethene 79-01-6 VOC 0.000563286 0.012 3.22E-09 8.90E-02 1 2.87E-10 11
Uranium 7440-61-1 0.020191069 0.001 --(c) - 1 -

Vanadium 7440-62-2 - 0.02186531 0.001 -(c) -- 1 -

Zinc 7440-66-6 -- 0.095789222 0.0006 --(c) -- 1
Total ELCR 2.56E-09 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics except tributyl phosphate). Tributyl phosphate value taken from Risk Assessment Information System http://rais.ornl.gov

c Dermal absorption of nonvolatile chemicals in sweat lodge vapor is presented in Table D-14
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).

Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Near-field exposure area-- Yakima Nation

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge condensed water

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4)

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakamoa Notion Exposure Scenrio for Hanford Site Risk Assessment.

Model assumes concentration of nonvolatiles in condensed water is equal to concentration in water used to create steam

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenoriofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4, except as noted)
Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from liquid Idl calculated mg/kg-day
Contaminant concentration in water Cdw contaminant-specific mg/L

Body surface area available for contact SA 1.8 M2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event ET 2 hr/event
Number of sweats per year EF 365 events/yr
Number of years a person sweats inea lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF2 365 day/yr

Conversion factor CF3 10 L/m2-cm

Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL Kp b),(non-cancer) RfDo' GIABS' HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 3.734E-09 - -- 1 -

1,2,3,4,6,7,8-Heptachlorodibenzofuran' 67562-39-4 - 5.66E-09 1.45 4.22E-09 - 1 -

1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 2.9E-09 2.25 3.36E-09 -- 1
1,2,3,6,7,8-Hexachlorodibenzofuran' 57117-44-9 - 2.1E-09 2.25 2.43E-09 - 1 -

1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 -(c) 2.00E-02 1 -

2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 -(c) 3.OOE-02 1 -

Aluminum 7429-90-5 - 0.046776593 0.001 2.41E-05 1.OOE+00 1 2.41E-05 8.80E-04
Arsenic 7440-38-2 -- 0.00579213 0.001 2.98E-06 3.OOE-04 1 9.93E-03 0.36
Barium 7440-39-3 - 0.053448218 0.001 2.75E-05 2.OOE-01 0.07 1.96E-03 0.072
Beryllium 7440-41-7 -- 0.000342265 0.001 1.76E-07 2.00E-03 0.007 1.26E-02 0.46
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 --(c) 2.OOE-02 1
Cadmium 7440-43-9 -- 0.002729138 0.001 1.40E-06 5.OOE-04 0.05 5.61E-02 2.1
Carbon tetrachloride 56-23-5 VOC 0.000282669 0.016 --(c) 7.OOE-04 1 -

Chloride 16887-00-6 -- 12.62269 0.001 6.49E-03 -- 1 --

Chloroform 67-66-3 VOC 0.00038106 0.0068 --(c) 1.00E-02 1 --

Chromium 7440-47-3 -- 0.015259293 0.001 7.85E-06 1.50E+00 0.013 4.02E-04 0.015
Cobalt 7440-48-4 - 0.004495239 0.0004 9.25E-07 3.OOE-04 1 3.08E-03 0.11
Copper 7440-50-8 -- 0.004447607 0.001 2.29E-06 4.00E-02 1 5.72E-05 0.0021
Fluoride 16984-48-8 - 0.2940596 0.001 1.51E-04 6.OOE-02 1 2.52E-03 0.092
Hexavalent Chromium 18540-29-9 - 0.191 0.002 1.96E-04 3.OOE-03 0.025 2.62E+00 96
Iron 7439-89-6 -- 0.090209963 0.001 4.64E-05 7.OOE-01 1 6.63E-05 0.0024
Lead 7439-92-1 0.001548018 0.0001 7.96E-08 1
Manganese 7439-96-5 0.006198141 0.001 3.19E-06 2.40E-02 0.04 3.32E-03 0.12
Nickel 7440-02-0 0.011729633 0.0002 1.21E-06 2.00E-02 0.04 1.51E-03 0.055
Nitrate 14797-55-8 34.098186 0.001 1.75E-02 7.10E+00 1 2.47E-03 0.090
Nitrite 14797-65-0 -- 0.057119962 0.001 2.94E-05 3.OOE-01 1 9.79E-05 0.0036
Nitrogen in Nitrite and Nitrate N02+NO3-N -- 14.7 0.001 7.56E-03 1.60E+00 1 4.73E-03 0.17

Octachlorodibenzofurand 39001-02-0 - 9.9649E-09 2.63 1.35E-08 -- 1 -

Octachlorodibenzo-p-dioxind 3268-87-9 5.8071E-09 1.16 3.46E-09 - 1
Silver 7440-22-4 -- 0.005686587 0.0006 1.75E-06 5.OOE-03 0.04 8.77E-03 0.32
Strontium 7440-24-6 -- 0.2694514 0.001 1.39E-04 6.OOE-01 1 2.31E-04 0.0085
Sulfate 14808-79-8 64.094058 0.001 3.30E-02 - - --
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Toluene

Total petroleum hydrocarbons - gasoline range

Trichloroethene

Uranium

Vanadium

Zinc

108-88-3 VOC 3.56519E-05 0.031 -(c)
TPHGASOLINE -- 0.05 -- -

79-01-6 VOC 0.000563286 0.012
7440-61-1 - 0.020191069 0.001 1.04E-05

7440-62-2 - 0.02186531 0.001 1.12E-05
7440-66-6 -- 0.095789222 0.0006 296E-05

8.OOE-02

3.OOE-03
5.00E-03
30CE-01

1 --

1 --

1 3.46E-03 0.13

1 2.25E-03 0.082
1 9.85E-05 00036

Total 2. -I 73S 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics except tributyl phosphate). Tributyl phosphate value taken from Risk Assessment Information System http://rais.ornl.gov/cgi-bin/tox/TOX-select?select=chem

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.orni.gov
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.

HQ= hazard quotient.
SVOC = semivolatile organic compound.

VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Ca, 95 UCL Kp I, 1(cancer) CSFo' GIABSa Risk %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)' (unitless) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 - 3.734E-09 - - 1.30E+03 1 -

1,2,3,4,6,7,8-Heptachlorodibenzofurand 67562-39-4 - 5.66E-09 1.45 4.10E-09 1.30E+03 1 5.33E-06 6.4

1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 -- 2.9E-09 2.25 3.26E-09 1.30E+04 1 4.24E-05 51

1,2,3,6,7,8-Hexachlorodibenzofurand 57117-44-9 - 2.1E-09 2.25 2.36E-09 1.30E+04 1 3.07E-05 37

1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 -(c) 9.10E-02 1 -

2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 -(c) - 1 -

Aluminum 7429-90-5 - 0.046776593 0.001 2.34E-05 -- 1 -

Arsenic 7440-38-2 -- 0.00579213 0.001 2.89E-06 1.50E+00 1 4.34E-06 5.2

Barium 7440-39-3 - 0.053448218 0.001 2.67E-05 -- 0.07

Beryllium 7440-41-7 - 0.000342265 0.001 1.71E-07 0.007 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 --(c) 1.40E-02 1

Cadmium 7440-43-9 0.002729138 0.001 1.36E-06 -- 0.05 --

Carbon tetrachloride 56-23-5 VOC 0.000282669 0.016 -(c) 1.30E-01 1 -

Chloride 16887-00-6 12.62269 0.001 6.31E-03 - 1 -

Chloroform 67-66-3 VOC 0.00038106 0.0068 -(c) 3.10E-02 1 -

Chromium 7440-47-3 0.015259293 0.001 7.62E-06 - 0.013 -

Cobalt 7440-48-4 - 0.004495239 0.0004 8.98E-07 1

Copper 7440-50-8 -- 0.004447607 0.001 2.22E-06 - 1

Fluoride 16984-48-8 - 0.2940596 0.001 1.47E-04 -- 1

Hexavalent Chromium 18540-29-9 - 0.191 0.002 1.91E-04 - 0.025 -

Iron 7439-89-6 - 0.090209963 0.001 4.51E-05 -- 1 -

Lead 7439-92-1 - 0.001548018 0.0001 7.73E-08 1 -

Manganese 7439-96-5 - 0.006198141 0.001 3.10E-06 0.04 -

Nickel 7440-02-0 - 0.011729633 0.0002 1.17E-06 0.04 -

Nitrate 14797-55-8 - 34.098186 0.001 1.70E-02 - 1 -

Nitrite 14797-65-0 - 0.057119962 0.001 2.85E-05 - 1

Nitrogen in Nitrite and Nitrate N02+NO3-N - 14.7 0.001 7.34E-03 1 --

Octachlorodibenzofurand 39001-02-0 - 9.9649E-09 2.63 1.31E-08 3.90E+01 1 5.11E-07 0.61

Octachlorodibenzo-p-dioxind 3268-87-9 5.8071E-09 1.16 3.37E-09 3.90E+01 1 1.31E-07 0.16

Silver 7440-22-4 - 0.005686587 0.0006 1.70E-06 0.04 -

Strontium 7440-24-6 - 0.2694514 0.001 1.35E-04 - 1 --

Sulfate 14808-79-8 -- 64.094058 0.001 3.20E-02 - - -

Toluene 108-88-3 VOC 3.56519E-05 0.031 --(c) - 1 --

Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 - -- --

Trichloroethene 79-01-6 VOC 0.000563286 0.012 -(c) 8.90E-02 1

Uranium 7440-61-1 - 0.020191069 0.001 1.01E-05 - 1
Vanadium 7440-62-2 - 0.02186531 0.001 1.09E-05 - 1 -

Zinc 7440-66-6 - 0.095789222 0.0006 2.87E-05 - 1 -

Total ELCR 8.34E-05 100
a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics except tributyl phosphate). Tributyl phosphate value taken from Risk Assessment Information System http://rais.orni.gov/cgi-bin/tox/TOXselect?select=chem

' Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).

Harris and H arper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.

VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Near-field exposure area -- Yakima Nation

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenariofor Honford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in

groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4, except as noted)

Cdw values taken from ECF-200PO1-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from vapor 1., caculated mg/kg-day

Body surface area available for contact SA 1.8 M2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event' E- 2 hr/day

Number of sweats per year EF 365 days/yr
Exposure duration ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Contaminant concentration Cdw contaminant-specific mg/L
Molecular weight of water MWw 18 g/mole
Ideal gas law constant R 62.37 (mmHg-L)/(gmole-K)
Temperature ofthe sweat lodge T 338.7 K
Density of liquid water rhow 1000 g/L
Conversion factor CF, 365 day/yr

Conversion factor CF3 10 L/m2-cm

Average reported Yakama Nation time spent inside sweathouse is S0hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Ca,.95 UCL Kp5  
15,(non-cancer) RfDo' GIABS' HQ %

Near-Field Exposure Area Nonradioactive COPC CAS 8 VOC/IVOC?' (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 -- 3.734E-09 - - - 1 --

1,2,3,4,6,7,8-Heptachlorodibenzfuran' 67562-39-4 -- 5.66E-09 1.45 6.92E-13 1

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 -- 2.9E-09 2.25 5.50E-13 - 1 -

1,2,3,6,7,8-Hexachlorodibenzofurand 57117-44-9 -- 2.1E-09 2.25 3.98E-13 - 1 -

1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 --(c) 2.OOE-02 1 --

2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 --(c) 3.OOE-02 1 --

Aluminum 7429-90-5 0.046776593 0.001 3.94E-09 1.00E+00 1 3.94E-09 8.80E-04

Arsenic 7440-38-2 -- 0.00579213 0.001 4.88E-10 3.00E-04 1 1.63E-06 0.36

Barium 7440-39-3 -- 0.053448218 0.001 4.50E-09 2.00E-01 0.07 3.22E-07 0.072

Beryllium 7440-41-7 - 0.000342265 0.001 2.88E-11 2.OOE-03 0.007 2.06E-06 0.46

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 --(c 2.00E-02 1 --

Cadmium 7440-43-9 - 0.002729138 0.001 2.30E-10 5.OOE-04 0.05 9.20E-06 2.1

Carbon tetrachloride 56-23-5 VOC 0.000282669 0.016 --(c) 7.00E-04 1
Chloride 16887-00-6 -- 12.62269 0.001 1.06k-06 -- 1

Chloroform 67-66-3 VOC 0.00038106 0.0068 --(c) 1.00E-02 1 -

Chromium 7440-47-3 -- 0.015259293 0.001 1.29E-09 1.50E+00 0.013 6.59E-08 0.015

Cobalt 7440-48-4 -- 0.004495239 0.0004 1.52E-10 3.OOE-04 1 5.05E-07 0.11

Copper 7440-50-8 -- 0.004447607 0.001 3.75E-10 4.OOE-02 1 9.37E-09 0.0021

Fluoride 16984-48-8 -- 0.2940596 0.001 2.48E-08 6.OOE-02 1 4.13E-07 0.092

Hexavalent Chromium 18540-29-9 -- 0.191 0.002 3.22E-08 3.OOE-03 0.025 4.29E-04 96

Iron 7439-89-6 - 0.090209963 0.001 7.60E-09 7.00E-01 1 1.09E-08 0.0024

Lead 7439-92-1 0.001548018 0.0001 1.30E-11 - 1 -

Manganese 7439-96-5 0.006198141 0.001 5.22E-10 2.40E-02 0.04 5.44E-07 0.12

Nickel 7440-02-0 - 0.011729633 0.0002 1.98E-10 2.OOE-02 0.04 2.47E-07 0.055

Nitrate 14797-55-8 34.098186 0.001 2.87E-06 7.10EO00 1 4.05E-07 0.090

Nitrite 14797-65-0 -- 0.057119962 0.001 4.81E-09 3.00E-01 1 1.60E-08 0.0036

Nitrogen in Nitrite and Nitrate NO2+NO3-N 14.7 0.001 1.24E-06 1.60E+00 1 7.74E-07 0.17

Octachlorodibenzofuran
5  

39001-02-0 9.9649E-09 2.63 2.21E-12 - 1 -

Octachlorodibenzo-p-dioxin
5  

3268-87-9 -- 5.8071E-09 1.16 5.68E-13 - 1 -

Silver 7440-22-4 - 0.005686587 0.0006 2.88E-10 5.00E-03 0.04 1.44E-06 0.32
Strontium 7440-24-6 0.2694514 0.001 2.27E-08 6.00E-01 1 3.78E-08 0.0085

Sulfate 14808-79-8 64.094058 0.001 5.40E-0 - -- -

Toluene 108-88-3 VOC 3.56519E-05 0.031 --(c) 8.OOE-02 1 -

Total petroleum hydrocarbons -gasoline range TPHGASOLINE 0.05 -- - -

Trichloroethene 79-01-6 VOC 0.000563286 0.012 -(c) -- 1 -

Uranium 7440-61-1 0.020191069 0.001 1.70E-09 3.OOE-03 1 5.67E-07 0.13

Vanadium 7440-62-2 - 0.02186531 0.001 1.84E-09 5.00E-03 1 3.69E-07 0.082

Zinc 7440-66-6 0.095789222 0.0006 4.84E-09 3.00E-01 1 1.61E-08 0.0036
Total 4.478E-04 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/Generic_Tables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics except tributyl phosphate). Tributyl phosphate value taken from Risk Assessment Information System http://rais.ornl.gov/cgi-bin/tox/TOXselectselect=chem

dermal intake of VOCs is presented in Table D-12
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.orni.gov
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume1: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenariofor CTUIR TraditionalSubsistence Lfewys
COPC = contaminant of potential concern.
HQ= hazard quotient.
SVOC = semivoatile organic compound.
VOC = volatile organice compound.

Attachment F, Page F-35
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL Kyp l,(cancer) CSFo' GIABS Risk %
(mg/kg-day)

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOCt (mg/L) (cm/hr) (mg/kg-day) (unitless) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioin 35822-46-9 -- 3.734E-09 -- -- 1.30E+03 1 --

1,2,3,4,6,7,8-Heptachlorodibenzofuran' 67562-39-4 -- 5.66E-09 1.45 6.72E-13 1.30E+03 1 8.73E-10 6.4
1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 2.9E-09 2.25 5.34E-13 1.30E+04 1 6.94E-09 51
1,2,3,6,7,8-Hexachlorodibenzofurand 57117-44-9 2.1E-09 2.25 3.87E-13 1.30E+04 1 5.03E-09 37
1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 --(c) 9.10E-02 1 --

2,3,4,6-Tetrachlorophenola 58-90-2 SVOC 0.0077 0.071 --(c) - 1 --
Aluminum 7429-90-5 -- 0.046776593 0.001 3.83E-09 - 1 -

Arsenic 7440-38-2 0.00579213 0.001 4.74E-10 1.50E+00 1 7.11E-10 5.2
Barium 7440-39-3 0.053448218 0.001 4.38E-09 - 0.07 -
Beryllium 7440-41-7 0.000342265 0.001 2.80E-11 - 0.007 -

Bis(2-ethylhexyl) phthalate 117-81-7 5VOC 0.011 0.025 --(c) 1.40E-02 1 -
Cadmium 7440-43-9 0.002729138 0.001 2.23E-10 -- 0.05 --
Carbon tetrachloride 56-23-5 VOC 0.000282669 0.016 --(c) 1.30E-01 1 -
Chloride 16887-00-6 - 12.62269 0.001 1.03E-06 -- 1 -
Chloroform 67-66-3 VOC 0.00038106 0.0068 --(c) 3.10E-02 1 --
Chromium 7440-47-3 0.015259293 0.001 1.25E-09 -- 0.013 -
Cobalt 7440-48-4 -- 0.004495239 0.0004 1.47E-10 -- 1 --
Copper 7440-50-8 -- 0.004447607 0.001 3.64E-10 - 1 -

Fluoride 16984-48-8 -- 0.2940596 0.001 2.41E-08 -- 1 --
Hexavalent Chromium 18540-29-9 -- 0.191 0.002 3.13E-08 - 0.025 -

Iron 7439-89-6 0.090209963 0.001 7.38E-09 -- 1 --
Lead 7439-92-1 -- 0.001548018 0.0001 1.27E-11 - 1 --

Manganese 7439-96-5 0.006198141 0.001 5.07E-1 - 0.04 -

Nickel 7440-02-0 0.011729633 0.0002 1.92E-1 - 0.04 --

Nitrate 14797-55-8 34.098186 0.001 2.79E-06 - 1 --

Nitrite 14797-65-0 -- 0.057119962 0.001 4.68E-09 - 1 -

Nitrogen in Nitrite and Nitrate NO2+NO3-N -- 14.7 0.001 1.20E-06 -- 1 -

Octachlorodibenzofurand 39001-02-0 - .9649E-09 2.63 2.15E-12 3.90E+01 1 8.37E-11 0.61
Octachlorodibenzo-p-dioxind 3268-87-9 5.8071E-09 1.16 5.51E-13 3.90E01 1 2.15E-11 0.16
Silver 7440-22-4 - 0.005686587 0.0006 2.79E-10 - 0.04 -
Strontium 7440-24-6 -- 0.2694514 0.001 2.21E-08 - 1 -
Sulfate 14808-79-8 -- 64.094058 0.001 5.25E-06 - - -

Toluene 108-88-3 VOC 3.56519E-05 0.031 -(c) - 1 -

Total petroleum hydrocarbons -gasoline range TPHGASOLINE 0.05 - - --

Trichloroethene 79-01-6 VOC 0.000563286 0.012 --(c) 8.90E-02 1 -
Uranium 7440-61-1 0.020191069 0.001 1.65E-09 - 1 -

Vanadium 7440-62-2 -- 0.02186531 0.001 1.79E-09 -- 1 -

Zinc 7440-66-6 -- 0.095789222 0.0006 4.70E-09 - 1 -

Total ELCR 1.37E-08 100
"EPA Region 3 Regional Screening Level tables downloaded January 2010. http://ww.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics except tributyl phosphate). Tributyl phosphate value taken from Risk Assessment Information System http://rais.orni.gov/cgi-bin/tox/TOXselectselect=chem

dermal intake of VOCs is presented in Table D-12
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at raisornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).
Harris and Harper, 2004, Exposure ScenarioforCTUIRTraditional Subsistence lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Near-field exposure area -- Yakima Nation

Cancer risk from inhalation of volatile radioactive contaminants in sweat lodge vapor
Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in

groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1, except as noted)

Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake linh calculated pCi

Contaminant concentration in water Cd, contaminant-specific pCi/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation ratea IR 26 m3/day

Length of sweat eventb ET 0.083 day/event (2hr/24hr)

Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr

a Ridolfi (2007, Table 7).
b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Cancer risk calculation

200-PO-1 Groundwater Operable Unit CdW 95 UCL inhSFib Risk %

Near-Field Exposure Area Radioactive COPC CAS # Volatile?a (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution
Gross alpha 12587-46-1 - 5.3264311 --(c) -

lodine-129 15046-84-1 - 2.708038 -(c) 6.07E-11 --

Plutonium-239/240 PU-239/240 - 0.029 --(c) 3.33E-08
Protactinium-231 14331-85-2 - 0.28 --(c) 4.55E-08 -

Strontium-90 10098-97-2 - 4.3004432 -(c) 1.05E-10
Technetium-99 14133-76-7 - 1667.3497 --(c) 1.41E-11 -

Tritium 10028-17-8 Yes 156901.45 8.06E+09 5.62E-14 4.53E-04 100
Total ELCR 4.53E-04 100

' Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).

b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.htmi

Inhalation of nonvolatile contaminants is presented in Table D-16
- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R-92/003 Risk Assessment Guidance for Superfund: Volume I-- Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--Near-field exposure area -- Yakima Nation

Cancer risk from inhalation of nonvolatile radioactive contaminants in sweathouse vapor
Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Notion Exposure Scenurio for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifewoys

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake Imh calculated PCi

Contaminant concentration in water Cw contaminant-specific pCi/L
Volume of water used in a sweat Vwtotal 4 L
Radius of a hemispherical sweat lodge r 1 m

Inhalation rate' IR 26 m
5

/day

Length of sweat event ET 0.083 day/event (2hr/24hr)
Number of sweats per year EF 365 days/yr
Number of years a person sweats ina lifetime ED 68 yr
Molecular weight of water MWw 18 g/mole
Density of liquid water rhow 1000 g/L
Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m')/gmole*K)

a Ridolfi (2007, Table 7).

b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Cancer risk calculation

200-PO-1 Groundwater Operable Unit C 95 UCL 10 Si Risk %

Near-Field Exposure Area Radioactive COPC CAS # Volatile? (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution
Gross alpha 12587-46-1 -- 5.3264311 4.69E+04 -- --

lodine-129 15046-84-1 - 2.708038 2.39E+04 6.07E-11 1.45E-06 0.43
Plutonium-239/240 PU-239/240 -- 0.029 2.56E+02 3.33E-08 8.51E-06 2.6
Protactinium-231 14331-85-2 - 0.28 2.47E+03 4.SSE-08 1.12E-04 34
Strontium-90 10098-97-2 -- 4.3004432 3.79E+04 1.05E-10 3.98E-06 1.2
Technetium-99 14133-76-7 -- 1667.3497 1.47E+07 1.41E-11 2.07E-04 62
Tritium 10028-17-8 Yes 156901.45 --(c) 5.62E-14 --

Total ELCR 3.33E-04 100

a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).

b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of volatile contaminants is presented in Table D-15
-= Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R-92/003 Risk Assessment Guidance for Superfund: Volume I-- Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit River Exposure Area Native American Risk Assessment (5-Year)-Summar y of Yakima Nationa Sweat Lodge Exposure Scenario Noncancer Hazard Results for Nonradioactive COPCs in Groundwater.
HQ (Inhalation) HQ (Dermal, Vapor, HQ (Dermal, Liquid, HQ (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? HQ (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total Hi %
Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitiess) Contribution

Acetone 0.0011 VOC 3.67E-06 -- 3.07E-10 - 3.67E-06 1.45E-05
Arsenic 0.005767892 - - 6.8 - 0.0099 1.62E-06 6.84E+00 27
Barium 0.049451657 - - 1.8 -- 0.0018 2.98E-07 1.76E+00 7.0
Carbon tetrachloride 0.000271961 VOC 1.48E-04 -- 3.05E-06 -- - 1.51E-04 5.98E-04
Chloride 11.3727 - -- - -

Chloroform 0.000814875 VOC 8.60E-04 - 2.72E-07 -- 8.60E-04 0.0034
Chromium 0.009951236 - - -- 0.0003 4.30E-08 2.62E-04 0.0010
Copper 0.00597989 - -- 0.0001 1.26E-08 7.69E-05 3.04E-04
Fluoride 0.28680392 - 0.4 - 0.0025 4.03E-07 3.94E-01 1.6
Iron 0.61057915 -- - -- -- 0.0004 7.35E-08 4.49E-04 0.0018
Lead 0.0006805 .- - - - - -

Manganese 0.041694118 -- - 14.8 -- 0.0223 3.66E-06 1.48E+01 59
Nickel 0.0056 - -- 1.1 - 0.0007 1.18E-07 1.11E+00 4.4

Nitrate 28.582087 - -- - - 0.0021 3.39E-07 2.07E-03 0.0082

Nitrite 0.46 - - - 0.0008 1.29E-07 7.89E-04 0.0031

Strontium 0.38963943 - -- - 0.0003 5.47E-08 3.34E-04 0.0013

Sulfate 42.560202 - - - -- - -

Thallium 0.00037 - - - -- - --

Uranium 0.005589723 -- - 0.3 0.0010 1.57E-07 3.32E-01 1.3
Vanadium 0.016788235 - - -- 0.0017 2.83E-07 1.73E-03 0.0068
Zinc 0.006671161 - - -- -- 0.0000 1.12E-09 6.86E-06 2.72E-05
Total 1.01E-03 25.21 3.33E-06 0.044 7.19E-06 25.26 100

' Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in groundwater used to make steam. Evaluation performed using steam
model from CTUIR sweat lodge scenario (Harris and Harper 2004).
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ = hazard quotient.
HI = hazard index.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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' Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in groundwater used to make steam. Evaluation performed using steam
model from CTUIR sweat lodge scenario (Harris and Harper 2004).
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.

200-PO-1 Groundwater Operable Unit River Exposure Area Native American Risk Assessment (5-Year)-Summary of Yakima Nationa Sweat Lodge Exposure Scenario Cancer Risk Results for Nonradioactive COPCs in Groundwater.
Risk (Inhalation) Risk (Dermal, Vapor, Risk (Dermal, Liquid, Risk (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? Risk (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total Risk %
Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution

Acetone 0.0011 VOC -- --

Arsenic 0.005767892 -- 4.28E-04 - 4.32E-06 7.08E-10 4.32E-04 94
Barium 0.049451657 - - --

Carbon tetrachloride 0.000271961 VOC 4.10E-07 - 2.70E-10 - 4.10E-07 0.089
Chloride 11.3727 -- - -.
Chloroform 0.000814875 VOC 1.88E-06 -- 8.19E-11 - 1.88E-06 0.41
Chromium 0.009951236 - --

Copper 0.00597989 - --

Fluoride 0.28680392 - -- -

Iron 0.61057915 -

Lead 0.0006805 - - - -

Manganese 0.041694118 --

Nickel 0.0056 - - 2.51E-05 - - 2.51E-05 5.5
Nitrate 28.582087 - --

Nitrite 0.46 --

Strontium 0.38963943 -

Sulfate 42.560202 - --

Thallium 0.00037 - - ---

Uranium 0.005589723 - -

Vanadium 0.016788235 -

Zinc 0.006671161 --

Total ELCR 2.29E-06 4.53E-04 3.52E-10 4.32E-06 7.08E-10 4.59E-04 100
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200-PO-1 Groundwater Operable Unit River Exposure Area Native American Risk Assessment (5-Year)-Summary of Yakima Nation Sweat LodeExposure Scenario Cancer Risk Resultrfr Radioactive COPCs n

Risk (Inhalation)
COPC 95 UCL Groundwater Volatile?a Risk (Inhalation) (Volatiles) (Nonvolatiles) Risk (Dermal) Total Risk %

Concentration (pCi/L) (unitless) (unitless) (unitless) (unitless) Contribution
Gross alpha 2.4 No - - -

Gross beta 31.1 No -- --

Strontium-90 2.60 No - 2.41E-06 - 2.41E-06 1.1
Technetium-99 121 No - 1.50E-05 - 1.50E-05 6.8
Tritium 70,724 Yes 2.04E-04 - 2.04E-04 92
Total ELCR 2.04E-04 1.74E-05 - 2.22E-04 100
'Volatile radioactive contaminants are operationaly defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)-river exposure area-- Yakima Nation

Hazard quotient and cancer risk from inhalation of VOCs/SVOCs in sweat lodge vapor
Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yokama Notion Exposure Scenorio for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1, except as noted)
Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake linh calculated mg/kg-day

Contaminant concentration in water C, contaminant-specific mg/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation rate' IR 26 m3/day

Length of sweat event ET 0.083 day/event (2hr/24hr)
Number of sweats per year EF 365 days/yr
Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF 365 day/yr

a Ridolfi (2007, Table 7).

b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL linh(non-cancer) RfCi' RfDi' HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (mg/m 3) (mg/kg-day) (unitless) Contribution

Acetone 67-64-1 VOC 0.0011 3.25E-05 3.10E+01 8.86E+00 3.67E-06 0.36

Arsenic 7440-38-2 -- 0.005767892 --(c) 1.50E-05 4.29E-06 --

Barium 7440-39-3 -- 0.049451657 --(c) 5.OOE-04 1.43E-04 -

Carbon tetrachloride 56-23-5 VOC 0.000271961 8.04E-06 1.90E-01 5.43E-02 1.48E-04 15
Chloride 16887-00-6 -- 11.3727 --(c) - - --

Chloroform 67-66-3 VOC 0.000814875 2.41E-05 9.80E-02 2.80E-02 8.60E-04 85
Chromium 7440-47-3 - 0.009951236 --(c) - -

Copper 7440-50-8 - 0.00597989 -(c) - -

Fluoride 16984-48-8 - 0.28680392 -(c) 1.30E-02 3.71E-03
Iron 7439-89-6 0.61057915 -(c) -- --

Lead 7439-92-1 -- 0.0006805 --(c) - -

Manganese 7439-96-5 - 0.041694118 --(c) 5.OOE-05 1.43E-05 -

Nickel 7440-02-0 - 0.0056 --(c) 9.00E-05 2.57E-05 -

Nitrate 14797-55-8 -- 28.582087 -(c) - - -

Nitrite 14797-65-0 -- 0.46 --(c) - -- --

Strontium 7440-24-6 - 0.38963943 --(c) - - -

Sulfate 14808-79-8 - 42.560202 --(c) -

Thallium 7440-28-0 - 0.00037 --(c) - - -

Uranium 7440-61-1 - 0.005589723 --(c) 3.OOE-04 8.57E-05

Vanadium 7440-62-2 -- 0.016788235 -(c) -

Zinc 7440-66-6 - 0.006671161 -(c) -- -

Total 1.01E-03 100

'EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

c Inhalation of nonvolatile chemicals is presented in Table D-19

- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
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EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part A).

Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.

HQ = hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.



ECF-200P01-09-2115 REV. 2

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cw 95 UCL linh(cancer) IUR SFi Risk %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (mg/kg-day) ( .g/m 3
)' (kg-day/mg) (unitless) Contribution

Acetone 67-64-1 VOC 0.0011 3.16E-05 - - -

Arsenic 7440-38-2 - 0.005767892 -(c) 4.30E-03 1.51E+01 -

Barium 7440-39-3 - 0.049451657 --(c) - --

Carbon tetrachloride 56-23-5 VOC 0.000271961 7.81E-06 1.50E-05 5.25E-02 4.10E-07 18
Chloride 16887-00-6 - 11.3727 --(c) - --

Chloroform 67-66-3 VOC 0.000814875 2.34E-05 2.30E-05 8.05E-02 1.88E-06 82
Chromium 7440-47-3 - 0.009951236 -(c) -- -

Copper 7440-50-8 - 0.00597989 --(c) - -

Fluoride 16984-48-8 - 0.28680392 --(c) - - -

Iron 7439-89-6 - 0.61057915 -(c) - - -

Lead 7439-92-1 0.0006805 -- (c) - - -

Manganese 7439-96-5 - 0.041694118 -(c) -- - --

Nickel 7440-02-0 0.0056 --(c) 2.60E-04 9.10E-01 -

Nitrate 14797-55-8 -- 28.582087 --(c) -

Nitrite 14797-65-0 - 0.46 --(c) - - -

Strontium 7440-24-6 - 0.38963943 -(c) - - -

Sulfate 14808-79-8 - 42.560202 -(c) - - -

Thallium 7440-28-0 - 0.00037 -(c) - - -

Uranium 7440-61-1 0.005589723 -(c) - - -

Vanadium 7440-62-2 -- 0.016788235 --(c) - - -

Zinc 7440-66-6 - 0.006671161 -(c) -- -- --

Total ELCR 2.29E-06 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

Inhalation of nonvolatile chemicals is presented in Table D-19
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--river exposure area-- Yakima Nation

Hazard quotient and cancer risk from inhalation of nonvolatiles in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenariofor Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 2, except as noted)
Cdw values taken from ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake 1,5h calculated mg/kg-day

Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m)/gmole*K)

Inhalation rate' IR 26 m
3
/day

Length of sweat event ET 0.083 day/event (2hr/24hr)

Number of sweats per year EF 365 days/yr
Exposure duration ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr
Conversion Factor CF 365 day/yr
Contaminant concentration Cdw contaminant-specific mg/L
Molecular weight of water MWw 18 g/mole
Density of liquid water rhow 1000 g/L

' Ridolfi (2007, Table 7).

b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

200-PO-1Groundwater Operable Unit C, 95 UCL Ia,i(non-cancer) RfCi' RfDi
5  

HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (mg/m
3
) (mg/kg-day) (unitless) Contribution

Acetone 67-64-1 VOC 0.0011 --(c) 3.10E+01 8.86E+00 --

Arsenic 7440-38-2 0.005767892 2.93E-05 1.50E-05 4.29E-06 6.83E+00 27
Barium 7440-39-3 - 0.049451657 2.51E-04 5.OOE-04 1.43E-04 1.76E+00 7.0
Carbon tetrachloride 56-23-5 VOC 0.000271961 --(c) 1.90E-01 5.43E-02 --

Chloride 16887-00-6 - 11.3727 5.77E-02 --

Chloroform 67-66-3 VOC 0.000814875 --(c) 9.80E-02 2.80E-02 --

Chromium 7440-47-3 -- 0.009951236 5.05E-05 - -

Copper 7440-50-8 - 0.00597989 3.03E-05 -- -

Fluoride 16984-48-8 -- 0.28680392 1.45E-03 1.30E-02 3.71E-03 3.92E-01 1.6
Iron 7439-89-6 -- 0.61057915 3.10E-03 -- -- --

Lead 7439-92-1 -- 0.0006805 3.45E-06 -- -- --

Manganese 7439-96-5 -- 0.041694118 2.11E-04 5.OE-05 1.43E-05 1.48E+01 59
Nickel 7440-02-0 -- 0.0056 2.84E-05 9.OOE-05 2.57E-05 1.10E+00 4.4

Nitrate 14797-55-8 -- 28.582087 1.45E-01 -- -- --

Nitrite 14797-65-0 -- 0.46 2.33E-03 -- -- --

Strontium 7440-24-6 -- 0.38963943 1.98E-03 -- -

Sulfate 14808-79-8 -- 42.560202 2.16E-01 -- -- --

Thallium 7440-28-0 0.00037 1.88E-06 --

Uranium 7440-61-1 -- 0.005589723 2.83E-05 3.00E-04 8.57E-05 3.31E-01 1.3
Vanadium 7440-62-2 -- 0.016788235 8.51E-05 -- -

Zinc 7440-66-6 -- 0.006671161 3.38E-05 -- -- --

Total 25 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

Inhalation of volatile compounds in vapor is presented in Table D-18
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL ,(cancer) IUR' SFib Risk %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?- (mg/L) (mg/kg-day) (pg/m
3
)' (kg-day/mg) (unitless) Contribution

Acetone 67-64-1 VOC 0.0011 --(c) - -- --

Arsenic 7440-38-2 0.005767892 2.84E-05 4.30E-03 1.51E+01 4.28E-04 94
Barium 7440-39-3 0.049451657 2.44E-04 - -

Carbon tetrachloride 56-23-5 VOC 0.000271961 --(c) 1.50E-05 5.25E-02 -

Chloride 16887-00-6 - 11.3727 5.60E-02 -

Chloroform 67-66-3 VOC 0.000814875 --(c) 2.30E-05 8.05E-02
Chromium 7440-47-3 - 0.009951236 4.90E-05
Copper 7440-50-8 - 0.00597989 2.95E-05 -

Fluoride 16984-48-8 - 0.28680392 1.41E-03 - - -

Iron 7439-89-6 - 0.61057915 3.01E-03
Lead 7439-92-1 - 0.0006805 3.35E-06
Manganese 7439-96-5 0.041694118 2.05E-04 - - --

Nickel 7440-02-0 - 0.0056 2.76E-05 2.60E-04 9.10E-01 2.51E-05 5.5
Nitrate 14797-55-8 - 28.582087 1.41E-01 - -

Nitrite 14797-65-0 - 0.46 2.27E-03 - -

Strontium 7440-24-6 - 0.38963943 1.92E-03 - -

Sulfate 14808-79-8 - 42.560202 2.10E-01 - - --

Thallium 7440-28-0 - 0.00037 1.82E-06
Uranium 7440-61-1 0.005589723 2.75E-05 - -

Vanadium 7440-62-2 - 0.016788235 8.27E-05
Zinc 7440-66-6 - 0.006671161 3.29E-05 - - -

Total ELCR 4.53E-04 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm
b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

Inhalation of volatile compounds in vapor is presented in Table D-18
-- Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)-river exposure area- Yakima Nation

Hazard quotient and cancer risk from dermal exposure to VOCs/SVOCs in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yokamo Nation Exposure Scenorio for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water (Id,l)
can be neglected and total dermal intake (Idotol) is equal to dermal intake from VOCs/SVOCs in sweat lodge vapor (Idv)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 3, except as noted)
Cdw values taken from ECF-200P01-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from vapor Id, calculated mg/kg-day
Contaminant concentration in water Cdw contaminant-specific mg/L
Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Body surface area available for contact SA 1.8 m2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event' ET 2 hr/event
Number of sweats per year EF 365 events/yr
Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF1 0.01 m/cm
Conversion factor CF2 365 day/yr

a Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL Kpb l,,(non-cancer) RfDo GIABS' HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOCr (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

Acetoned 67-64-1 VOC 0.0011 0.000512 2.77E-10 9.OOE-01 1 3.07E-10 0.0092
Arsenic 7440-38-2 - 0.005767892 0.001 --(c) 3.OOE-04 1 -

Barium 7440-39-3 - 0.049451657 0.001 -(c) 2.OOE-01 0.07 -

Carbon tetrachloride 56-23-5 VOC 0.000271961 0.016 2.14E-09 7.OOE-04 1 3.05E-06 92
Chloride 16887-00-6 - 11.3727 0.001 -(c) -- 1 -

Chloroform 67-66-3 VOC 0.000814875 0.0068 2.72E-09 1.OOE-02 1 2.72E-07 8.2
Chromium 7440-47-3 0.009951236 0.001 -(c) 1.50E+00 0.013 --

Copper 7440-50-8 - 0.00597989 0.001 -(c) 4.OOE-02 1 -

Fluoride 1698448-B -8 0.28680392 0.001 --(c) 6.OOE-02 1
Iron 7439-89-6 -- 0.61057915 0.001 -(c) 7.OOE-01 1 --

Lead 7439-92-1 - 0.0006805 0.0001 -(c) 1 -

Manganese 7439-96-5 - 0.041694118 0.001 -(c) 2.40E-02 0.04 --

Nickel 7440-02-0 - 0.0056 0.0002 -(c) 2.OOE-02 0.04 -

Nitrate 14797-55-8 - 28.582087 0.001 --(c) 7.10E+00 1 -

Nitrite 14797-65-0 0.46 0.001 -(c) 3.OOE-01 1 -

Strontium 7440-24-6 -- 0.38963943 0.001 -(c) 6.OOE-01 1 -

Sulfate 14808-79-8 42.560202 0.001 -- (c) -- - --

Thallium 7440-28-0 -- 0.00037 0.001 --(c) 1 -

Uranium 7440-61-1 0.005589723 0.001 --(c) 3.OOE-03 1
Vanadium 7440-62-2 - 0.016788235 0.001 --(c) 5.00E-03 1 -

Zinc 7440-66-6 - 0.006671161 0.0006 -(c) 3.OOE-01 1 -

Total 3.33E-06 100

'EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).
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'Dermal absorption of nonvolatile chemicals in sweat lodge vapor is presented in Table D-22

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume k: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.



ECF-200P01-09-2115 REV. 2

Cancer risk calculation

200-PO-1Groundwater Operable Unit CdW95 UCL Kp Id(cancer) CSFo' GIABS' Risk %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)' (unitless) (unitless) Contribution

Acetoned 67-64-1 VOC 0.0011 0.000512 2.69E-10 -- 1 -

Arsenic 7440-38-2 -- 0.005767892 0.001 --(c) 1.50E+00 1 -

Barium 7440-39-3 - 0.049451657 0.001 -(c) - 0.07 -

Carbon tetrachloride 56-23-5 VOC 0.000271961 0.016 2.08E-09 1.30E-01 1 2.70E-10 77
Chloride 16887-00-6 11.3727 0.001 -(c) - 1 -

Chloroform 67-66-3 VOC 0.000814875 0.0068 2.64E-09 3.10E-02 1 8.19E-11 23

Chromium 7440-47-3 - 0.009951236 0.001 -(c) - 0.013 -

Copper 7440-50-8 -- 0.00597989 0.001 -(c) -- 1 -

Fluoride 16984-48-8 - 0.28680392 0.001 --(c) - 1 -

Iron 7439-89-6 - 0.61057915 0.001 --(c) - 1

Lead 7439-92-1 - 0.0006805 0.0001 --(c) - 1

Manganese 7439-96-5 -- 0.041694118 0.001 -(c) - 0.04 --

Nickel 7440-02-0 0.0056 0.0002 --(c) - 0.04 -

Nitrate 14797-55-8 - 28.582087 0.001 --(c) -- 1 --

Nitrite 14797-65-0 - 0.46 0.001 --(c) - 1 -

Strontium 7440-24-6 -- 0.38963943 0.001 -(c) 1 -

Sulfate 14808-79-8 - 42.560202 0.001 --(c) -

Thallium 7440-28-0 - 0.00037 0.001 --(c) - 1

Uranium 7440-61-1 - 0.005589723 0.001 --(c) - 1

Vanadium 7440-62-2 -- 0.016788235 0.001 -(c) - 1 -

Zinc 7440-66-6 0.006671161 0.0006 -(c) - 1 -

Total ELCR 3.52E-10 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

c Dermal absorption of nonvolatile chemicals in sweat lodge vapor is presented in Table D-22
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).

Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)-river exposure area-- Yakima Nation

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge condensed water

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4)

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.

Model assumes concentration of nonvolatiles in condensed water is equal to concentration in water used to create steam

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4, except as noted)
Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4)

Parameter Symbol Value Unit

Dermal absorption intake from liquid 1, calculated mg/kg-day

Contaminant concentration in water Cdw contaminant-specific mg/L

Body surface area available for contact SA 1.8 M2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event' ET 2 hr/event
Number of sweats per year EF 365 events/yr
Number of years a person sweats ina lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF2 365 day/yr

Conversion factor CF3 10 L/m 2-cm

a Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cw 95 UCL Kp ldI(non-cancer) RfDo' GIABS HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?' (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

Acetoned 67-64-1 VOC 0.0011 0.000512 --(c) 9.OOE-01 1
Arsenic 7440-38-2 0.005767892 0.001 2.97E-06 3.OOE-04 1 9.89E-03 23
Barium 7440-39-3 0.049451657 0.001 2.54E-05 2.OOE-01 0.07 1.82E-03 4.1
Carbon tetrachloride 56-23-5 VOC 0.000271961 0.016 -(c) 7.OOE-04 1

Chloride 16887-00-6 11.3727 0.001 5.85E-03 - 1 -

Chloroform 67-66-3 VOC 0.000814875 0.0068 --(c) 1.OOE-02 1
Chromium 7440-47-3 0.009951236 0.001 5.12E-06 1.50E+00 0.013 2.62E-04 0.60
Copper 7440-50-8 - 0.00597989 0.001 3.08E-06 4.OOE-02 1 7.69E-05 0.18
Fluoride 16984-48-8 - 0.28680392 0.001 1.47E-04 6.OOE-02 1 2.46E-03 5.6
Iron 7439-89-6 - 0.61057915 0.001 3.14E-04 7.OOE-01 1 4.49E-04 1.0
Lead 7439-92-1 - 0.0006805 0.0001 3.50E-08 - 1 -

Manganese 7439-96-5 -- 0.041694118 0.001 2.14E-05 2.40E-02 0.04 2.23E-02 51
Nickel 7440-02-0 - 0.0056 0.0002 5.76E-07 2.OOE-02 0.04 7.20E-04 1.6
Nitrate 14797-55-8 - 28.582087 0.001 1.47E-02 7.10E+00 1 2.07E-03 4.7
Nitrite 14797-65-0 - 0.46 0.001 2.37E-04 3.OOE-01 1 7.89E-04 1.8
Strontium 7440-24-6 - 0.38963943 0.001 2.OOE-04 6.OOE-01 1 3.34E-04 0.76
Sulfate 14808-79-8 - 42.560202 0.001 2.19E-02 - -

Thallium 7440-28-0 - 0.00037 0.001 1.90E-07 - 1
Uranium 7440-61-1 - 0.005589723 0.001 2.87E-06 3.OOE-03 1 9.58E-04 2.2
Vanadium 7440-62-2 - 0.016788235 0.001 8.63E-06 5.OOE-03 1 1.73E-03 3.9
Zinc 7440-66-61- 0.006671161 0.0006 2.06E-06 3.OOE-01 1 6.86E-06 0.016
Total 0.044 100

'EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).
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Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ= hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cdw 95 UCL Kp dl (cancer) CSFoa GIABS' Risk %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)' (unitless) (unitless) Contribution

Acetone' 67-64-1 VOC 0.0011 0.000512 --(c) - 1 -

Arsenic 7440-38-2 - 0.005767892 0.001 2.88E-06 1.50E+00 1 4.32E-06 100

Barium 7440-39-3 - 0.049451657 0.001 2.47E-05 -- 0.07 --

Carbon tetrachloride 56-23-5 VOC 0.000271961 0.016 --(c) 1.30E-01 1
Chloride 16887-00-6 - 11.3727 0.001 5.68E-03 - 1 --

Chloroform 67-66-3 VOC 0.000814875 0.0068 --(c) 3.10E-02 1 -

Chromium 7440-47-3 - 0.009951236 0.001 4.97E-06 -- 0.013 -

Copper 7440-50-8 - 0.00597989 0.001 2.99E-06 - 1 -

Fluoride 16984-48-8 - 0.28680392 0.001 1.43E-04 -- 1 -

Iron 7439-89-6 - 0.61057915 0.001 3.05E-04 1 -

Lead 7439-92-1 -- 0.0006805 0.0001 3.40E-08 -- 1 -

Manganese 7439-96-5 -- 0.041694118 0.001 2.08E-05 - 0.04

Nickel 7440-02-0 - 0.0056 0.0002 5.60E-07 - 0.04 -

Nitrate 14797-55-8 - 28.582087 0.001 1.43E-02 -- 1 -

Nitrite 14797-65-0 - 0.46 0.001 2.30E-04 -- 1 -

Strontium 7440-24-6 - 0.38963943 0.001 1.95E-04 - 1 -

Sulfate 14808-79-8 - 42.560202 0.001 2.13E-02 - -

Thallium 7440-28-0 - 0.00037 0.001 1.85E-07 1 -

Uranium 7440-61-1 - 0.005589723 0.001 2.79E-06 - 1 --

Vanadium 7440-62-2 - 0.016788235 0.001 8.39E-06 - 1 -

Zinc 7440-66-6 1-1 0.006671161 0.0006 2.OOE-06 - 1 --

Total ELCR 4.32E-06 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

' Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.
ELCR excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--river exposure area-- Yakima Nation

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yokama Notion Exposure Scenoriofor Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in

groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenoriofor CTUIR Traditional Subsistence Lifeways
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4, except as noted)

Cdw values taken from ECF-200P01-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from vapor ldd calculated mg/kg-day

Body surface area available for contact SA 1.8 m
2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event ET 2 hr/day
Number of sweats per year EF 365 days/yr
Exposure duration ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr

Contaminant concentration Cdw contaminant-specific mg/L

Molecular weight of water MWw 18 g/mole
Ideal gas law constant R 62.37 (mmHg-L)/(gmole-K)
Temperature of the sweat lodge T 338.7 K
Density of liquid water rhow 1000 g/L

Conversion factor CF2  365 day/yr

Conversion factor CF3 10 L/m 2-cm

Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cd,, 95 UCL Kpb la )non-cancer) RfDoa GIABSa HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

Acetoned 67-64-1 VOC 0.0011 0.000512 -- c) 9.OOE-01 1 --

Arsenic 7440-38-2 -- 0.005767892 0.001 4.86E-10 3.OOE-04 1 1.62E-06 23

Barium 7440-39-3 -- 0.049451657 0.001 4.17E-09 2.OOE-01 0.07 2.98E-07 4.1

Carbon tetrachloride 56-23-5 VOC 0.000271961 0.016 --(c) 7.OOE-04 1 --

Chloride 16887-00-6 11.3727 0.001 9.58E-07 - 1 -

Chloroform 67-66-3 VOC 0.000814875 0.0068 --(c) 1.OOE-02 1 -

Chromium 7440-47-3 0.009951236 0.001 8.39E-10 1.50E+00 0.013 4.30E-08 0.60
Copper 7440-50-8 -- 0.00597989 0.001 5.04E-10 4.DOE-02 1 1.26E-08 0.18

Fluoride 16984-48-8 -- 0.28680392 0.001 2.42E-08 6.OOE-02 1 4.03E-07 5.6

Iron 7439-89-6 -- 0.61057915 0.001 5.15E-08 7.OOE-01 1 7.35E-08 1.0

Lead 7439-92-1 0.0006805 0.0001 5.73E-12 -- 1 --

Manganese 7439-96-5 0.041694118 0.001 3.51E-09 2.40E-02 0.04 3.66E-06 51

Nickel 7440-02-0 - 0.0056 0.0002 9.44E-11 2.DDE-02 0.04 1.18E-07 1.6

Nitrate 14797-55-8 28.582087 0.001 2.41E-06 7.10E+00 1 3.39E-07 4.7

Nitrite 14797-65-0 -- 0.46 0.001 3.88E-08 3.OOE-01 1 1.29E-07 1.8

Strontium 7440-24-6 - 0.38963943 0.001 3.28E-08 6.OOE-01 1 5.47E-08 0.76

Sulfate 14808-79-8 -- 42.560202 0.001 3.59E-06 -- -- --

Thallium 7440-28-0 0.00037 0.001 3.12E-11 - 1 -

Uranium 7440-61-1 - 0.005589723 0.001 4.71E-10 3.DOE-03 1 1.57E-07 2.2

Vanadium 7440-62-2 - 0.016788235 0.001 1.41E-09 5.OOE-03 1 2.83E-07 3.9
Zinc 7440-66-6 -- 0.006671161 0.0006 3.37E-10 3.OOE-01 1 1.12E-09 0.016

Total 0.0000 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Dermal Intake of Volatiles in Sweatlodge vapor is presented in Table D-20
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
E PA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1Groundwater Operable Unit Caw95 UCL Kp b ld,,(cancer) CSFo' GIABS' Risk %

(mg/kg-day)

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?" (mg/L) (cm/hr) (mg/kg-day) (unitless) (unitless) Contribution

Acetoned 67-64-1 VOC 0.0011 0.000512 --(c) - 1 --

Arsenic 7440-38-2 -- 0.005767892 0.001 4.72E-10 1.50E+00 1 7.08E-10 100
Barium 7440-39-3 -- 0.049451657 0.001 4.05E-09 -- 0.07 --

Carbon tetrachloride 56-23-5 VOC 0.000271961 0.016 --(c) 1.30E-01 1 --

Chloride 16887-00-6 -- 11.3727 0.001 9.31E-07 - 1 --

Chloroform 67-66-3 VOC 0.000814875 0.0068 --(c) 3.10E-02 1 -

Chromium 7440-47-3 0.009951236 0.001 8.15E-10 -- 0.013 -

Copper 7440-50-8 - 0.00597989 0.001 4.90E-10 - 1 -

Fluoride 16984-48-8 - 0.28680392 0.001 2.35E-08 - 1 -

Iron 7439-89-6 - 0.61057915 0.001 5.00E-08 -- 1 -

Lead 7439-92-1 - 0.0006805 0.0001 5.57E-12 - 1 -

Manganese 7439-96-5 -- 0.041694118 0.001 3.41E-09 - 0.04 --

Nickel 7440-02-0 - 0.0056 0.0002 9.17E-11 -- 0.04 -

Nitrate 14797-55-8 - 28.582087 0.001 2.34E-06 - 1 --

Nitrite 14797-65-0 -- 0.46 0.001 3.77E-08 -- 1 -

Strontium 7440-24-6 - 0.38963943 0.001 3.19E-08 - 1 -

Sulfate 14808-79-8 -- 42.560202 0.001 3.48E-06 ----

Thallium 7440-28-0 - 0.00037 0.001 3.03E-11 -- 1 -

Uranium 7440-61-1 0.005589723 0.001 4.58E-10 - 1 -

Vanadium 7440-62-2 0.016788235 0.001 1.37E-09 -- 1 -

Zinc 7440-66-6 - 0.006671161 0.0006 3.28E-10 - 1 -

Total ELCR 7.08E-10 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics.)

Dermal Intake of Volatiles in Sweatlodge vapor is presented in Table D-20

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidoncefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenoriofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.

Attachment F, Page F-54



ECF-200P01-09-2115 REV. 2

200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--river exposure area-- Yakama Nation

Cancer risk from inhalation of volatile radioactive contaminants in sweat lodge vapor
Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in

groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1, except as noted)
Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake linh calculated pCi

Contaminant concentration in water Cdw contaminant-specific pCi/L

Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Inhalation rate a IR 26 m3/day

Length of sweat eventb ET 0.083 day/event (2hr/24hr)
Number of sweats per year EF 365 days/yr
Number of years a person sweats in a lifetime ED 68 yr
a Ridolfi (2007, Table 7).
b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Cancer risk calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL 'inh SFib Risk %

River Exposure Area Radioactive COPC CAS # Volatile?a (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution
Gross alpha 12587-46-1 - 2.4 --(c) - -

Gross beta 12587-47-2 - 31.1 --(c) -

Strontium-90 10098-97-2 - 2.60 --(c) 1.05E-10 -

Technetium-99 14133-76-7 - 121 --(c) 1.41E-11 -

Tritium 10028-17-8 Yes 70,724 3.63E+09 5.62E-14 2.04E-04 100
Total ELCR 2.04E-04 100
a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).

b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of nonvolatile contaminants is Presented in Table D-24
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R-92/003 Risk Assessment Guidance for Superfund: Volume I -- Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (5-Year)--river exposure area-- Yakama Nation

Cancer risk from inhalation of nonvolatile radioactive contaminants in sweathouse vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)

Ridolfi 2007, Yakoma Notion Exposure Scenariofor Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in

groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake 1,h calculated pCi

Contaminant concentration in water Cd, contaminant-specific pCi/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation rate IR 26 m
5
/day

Length of sweat eventb ET 0.083 day/event (2hr/24hr)

Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr

Molecular weight of water MWw 18 g/mole
Density of liquid water rhow 1000 g/L

Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m3)/gmole*K)

' Ridolfi (2007, Table 7).

b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL linh SFi Risk %

River Exposure Area Radioactive COPC CAS # Volatile?" (pCi/L) (pCi) (Risk/pCi) (unitess) Contribution

Gross alpha 12587-46-1 -- 2.4 2.10E+04 -- --

Gross beta 12587-47-2 -- 31.1 2.74E+05 -- --

Strontium-90 10098-97-2 - 2.60 2.29E+04 1.05E-10 2.41E-06 14

Technetium-99 14133-76-7 -- 121 1.07E+06 1.41E-11 1.50E-05 86

Tritium 10028-17-8 Yes 70,724 --(c) 5.62E-14 --

Total ELCR 1.74E-05 100

' Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).

b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of volatile contaminants is presented in Table D-23

= Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R-92/003 Risk Assessment Guidance for Superfund: Volume I -- Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifewoys

COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit Far-Field Exposure Area Native American Risk Assessment (10-Year)--Summary of CTUIR Sweat Lodge Exposure Scenario Noncancer Hazard Results for Nonradioactive COPCs in Groundwater.

HQ (Inhalation) HQ (Dermal, Vapor, HQ (Dermal, Liquid, HQ (Dermal, Vapor,
COPC 95 UCL Groundwater VOC/SVOC? HQ (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total HI %

Concentration (mg/L) _I (unitless) (unitless) (unitless) I (unitless) (unitless) (unitless) Contribution
(m+p)-Xylene
1,1,1-TrichIoroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichlorobenzene
1,2-Dichloroethane
1,4-Dichlorobenzene
1,4-Dioxane
2-Butanone
2-Pentanone, 4-Methyl
Acetone
Aluminum
Arsenic
Barium
Benzene
Benzyl alcohol
Beryllium

Bis(2-ethylhexyl) phthalate
Cadmium
Carbon disulfide
Carbon tetrachloride
Chloride
Chlorobenzene
Chloroform
Chromium

cis-1,2-Dichloroethylene
Copper
Fluoride
Iron
Lead
Lithium
Manganese
Methanol
Methylene chloride
Molybdenum
Nickel
Nitrate
Nitrite
o-Xylene
Silver
Strontium
Sulfate
Tetrachloroethene
Toluene
Tributyl phosphate
Trichloroethene

Trichloromonofluoromethan

Uranium
Vanadium

Vinyl chloride
Zinc

0.0005
0.001204711
0.000389235
0.000164225

0.003
0.000305426
0.000130994

0.0081
0.0029

0.00064
0.00128316

0.041755539
0.003060574
0.068082679

0.0019
0.0027

0.000360659

0.001271216
0.0045

0.00039
0.000164414

9.821328
0.00041

0.00022061
0.007505402

0.0002
0.002993571
0.32861624
0.47301923

0.000710361
0.0083

0.011254937
1.1

0.000852962
0.0015

0.003603478
23.756902

0.079227256
0.000210551
0.005341496
0.36357229
45.069738

0.000993146
0.000274725
0.040836371
0.000492361

0.00058
0.01625113

0.013487657
0.0018

0.10896358

VOC
VOC
VOC
VOC
VOC
VOC
VOC

SVOC
VOC
VOC
VOC

VOC
SVOC

SVOC

VOC
VOC

VOC
VOC

VOC

VOC

VOC

VOC
VOC

SVOC
VOC

VOC

VOC

3.55E-05
1.20E-05
2.77E-05
4.08E-05
7.46E-04
6.33E-06
8.14E-06
1.12E-04
2.88E-05
1.06E-05
2.06E-06

3.15E-03

2.77E-05
4.30E-05

4.08E-04
1.12E-04

4.24E-05

1.50E-05

1.83E-04
2.73E-06

7.006-04

4.12E-OS

8.956-04

0.07
1.74
1.16

0.15

3.84

0.22

1.92
0.00

0.34

0.46

3.25E-08
1.92E-09
3.20E-09
9.68E-09
3.36E-07
1.57E-08
1.93E-08
6.56E-09
1.14E-09
5.30E-09
1.79E-10

1.75E-06
1.39E-08

3.90E-07

1.63E-08
9.23 E-07

1.41E-07
3.68E-08

3.78E-08

1.22E6-06

1.40E-06

8.05E-07
2.6 1E-08
1. 14E-06

6.17E-09

8.25E-07

1.07E-05
2.62E-03
1.25E-03

6.62E-03

4.63E-02

9.90E-05

1.92E-05
1.41E-03
1.74E-04

1.07E-03
3.01E-03
1.81E-04

7.71E-05
2.32E-04
8.60E-04
6.79E-05

4.12E-03
1.56E-04

1.39E-03
6.94E-04

5.60E-05

1.76E-09
4.30E-07
2.05E-07

1.09E-06

7.58E-06

1.62E-08

3.15E-09
2.31E-07
2.85E-08

1.75E-07
4.94E-07
2.97E-08

1.26E-08
3.80E-08
1.41E-07
1.11E-08

6.75E-07
2.55E-08

2 .28E-07
1.14E-07

9.18E-09

3.56E-05
1.20E-05
2.77E-05
4.08E-05
7.46E-04
6.35E-06
8.16E-06
1.12E-04
2.88E-05
1.06E-05
2.06E-06
7.13E-02
1.74E+00

1.16E+00
3.15E-03
1.39E-08
1.61E-01

3.90E-07
3.89E+00
2.77E-05
4.40E-05

4.08E-04
1.12E-04
9.90E-05

3.78E-08
1.92E-05
2.17E-01
1.74E-04

1.07E-03
1.92E+00
2.53E-03
4.24E-05
7.72E-05
3.42E-01
8.61E-04
6.79E-05
1.50E-05
4.12E-03
1.56E-04

1.84E-04
2.76E-06
1.14E-06
7.00E-04

4.12E-05
4.64E-01
6.94E-04
8.96E-04
5.60E-05

3.56E-04
1.20E-04
2.77E-04
4.09E-04
0.0075

6.35E-05
8.17E-05
0.0011

2.89E-04
1.06E-04
2.06E-05

0.71
17
12

0.032
1.39E-07

1.6

3.91E-06
39

2.78E-04
4.40E-04

0.0041
0.0011

9.91E-04

3.79E-07
1.93E-04

2.2
0.0017

0.011
19

0.025
4.25E-04
7.72E-04

3.4
0.0086

6.80E-04
1.50E-04

0.041
0.0016

0.0018
2.76E-05
1.14E-05
0.0070

4.13E-04
4.6

0.0069
0.0090

5.61E-04

Attachment G, Page G-1

Total 6.65E-03 9.91E+00 6.57E-06 7.04E-02 1.15E-05 9.99E+0O 100
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper 2004, Exposure Scenario for CTUIR Traditionol Subsistence Lifeways.
COPC contaminant of potential concern.
CTUIR Confederated Tribes of the Umatilla Indian Reservation.

HQ= hazard quotient.
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HI = hazard index.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 Groundwater Operable Unit Far-Field Exposure Area Native American Risk Assessment (10-Year)-Summary of CTUIR Sweat Lodge Exposure Scenario Cancer Risk Results for Nonradioactive COPCs in Groundwater.

Risk (Inhalation) Risk (Dermal, Vapor, Risk (Dermal, Liquid, Risk (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? Risk (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total Risk %

Concentration (mg/L) (unitless) (unitless) (unitiess) (unitless) (unitless) (unitless) Contribution

(m+p)-Xylene

1,1,1-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,2-Dichlorobenzene
1,2-Dichloroethane
1,4-Dichlorobenzene
1,4-Dioxane
2-Butanone
2-Pentanone, 4-Methyl
Acetone
Aluminum
Arsenic
Barium
Benzene
Benzyl alcohol
Beryllium

Bis(2-ethylhexyl) phthalate
Cadmium
Carbon disulfide
Carbon tetrachloride
Chloride
Chlorobenzene
Chloroform
Chromium

cis-1,2-Dichloroethylene
Copper
Fluoride
Iron
Lead
Lithium
Manganese
Methanol
Methylene chloride
Molybdenum
Nickel
Nitrate
Nitrite
o-Xylene
Silver
Strontium
Sulfate
Tetrachloroethene
Toluene
Tributyl phosphate
Trichloroethene
Trichloromonofluoromethan
e
Uranium
Vanadium
Vinyl chloride
Zinc

0.0005
0.001204711
0.000389235
0.000164225

0.003
0.000305426
0.000130994

0.0081
0.0029

0.00064
0.00128316

0.041755539
0.003060574
0.068082679

0.0019
0.0027

0.000360659

0.001271216
0.0045

0.00039
0.000164414

9.821328
0.00041

0.00022061
0.007505402

0.0002
0.002993571
0.32861624
0.47301923

0.000710361
0.0083

0.011254937
1.1

0.000852962
0.0015

0.003603478
23.756902

0.079227256
0.000210551
0.005341496
0.36357229
45.069738

0.000993146
0.000274725
0.040836371
0.000492361

0.00058
0.01625113

0.013487657
0.0018

010896358

VOC
VOC
VOC
VOC
VOC
VOC
VOC

SVOC
VOC
VOC
VOC

VOC
SVOC

SVOC

VOC
VOC

VOC
VOC

VOC

VOC

VOC

VOC
VOC
SVOC
VOC

VOC

VOC

3.84E-07
6.96E-08
3.01E-06

7.16E-07

1.47E-07

1.19E-07

2.45E-07

1.94E-08

2.83E-07

5.95E-07

3.83E-07

1.09E-04

7.18E-06

6.72E-05

7.77E-06

2.78E-11
7.09E-12
7.01E-12

3.74E-10

1.06E-10

8.16 E-11

1.11iE-11

5.34E-12

4.22E-09

2.04E-09
1.25 E-10

1.73E-09

1.15E-06 1.88E-10

3.84E-07
6.96E-08
3.01E-06

1.10E-04

7.16E-07

7.18E-06

1.48E-07
6.72E-05

1.19E-07

2.45E-07

1.94E-08

7.77E-06

2.87E-07

2.04E-09
5.95 E-07

3.84E-07

0.19
0.035

1.5

56

0.36

3.6

0.074
34

0.060

0.12

0.0098

3.9

0.14

0.0010
0.30

0.19

Total ELCR 5.97E-06 1.91E-04 8.74E-09 1.15E-06 1.8iE-10 1.98E-04 100

- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Harris and Harper 2004, Exposure Scenorio for CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
SVOC = semivolatile organic compound.
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VOC = volatile organic compound.
ELCR excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit Far-Field Exposure Area Native American Risk Assessment (10-Year)-Summary of CTUIR Sweat Lodge Exposure Scenario Cancer Risk Results for Radioactive COPCs in Groundwater.
Risk (Inhalation)

COPC 95 UCL Groundwater Volatile?" Risk (Inhalation) (Volatiles) (Nonvolatiles) Risk (Dermal) Total Risk %
Concentration (pCi/L) (unitless) (unitiess) (unitless) (unitless) Contribution

Carbon-14 15.2 - - 4.55E-07 - 4.55E-07 0.060
Gross alpha 5.9880167 - -

Gross beta 26.717649 - --

lodine-129 1.7529182 - - 4.51E-07 - 4.51E-07 0.060
Nickel-63 7.66125 - - 5.32E-08 - 5.32E-08 0.0070
Protactinium-231 0.308 - -5 .94E-05 - 5.94E-05 7.9
Strontium-90 0.611 - - 2.72E-07 - 2.72E-07 0.036

echnetium-99 75.671084 - 4.52E-06 -- 4.52E-06 0.60
Tritium 497899.63 VOC 6.91E-04 - - 6.91E-04 91
Total ELCR 6.91E-04 6.51E-05 - 7.56E-04 100

Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.
- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area -- CTUIR

Hazard quotient and cancer risk from inhalation of VOCs/SVOCs in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)
Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Inhalation intake lnh calculated mg/kg-day
Contaminant concentration in water Cd, contaminant-specific mg/L

Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Inhalation rateeaIR 25 m
3
/day

Length of sweat event ET 0.042 day/event (1hr/24hr)
Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr

Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr

Conversion factor CF 365 day/yr

a Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit C, 95 UCL linh(non-cancer) RfCla RfDi0  HQ %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (mg/m) (mg/kg-day) (unitless) Contribution
(m+p)-Xylene 179601-23-1 VOC 0.0005 7.11E-06 7.OOE-01 2.00E-01 3.55E-05 0.53
1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 1.71E-05 5.OOE+00 1.43E+00 1.20E-05 0.18
1,1-Dichloroethane 75-34-3 VOC 0.000389235 5.53E-06 7.OOE-01 2.00E-01 2.77E-05 0.42
1,1-Dichloroethene 75-35-4 VOC 0.000164225 2.33E-06 2.OOE-01 5.71E-02 4.08E-05 0.61
1,2-Dichlorobenzene 95-50-1 VOC 0.003 4.26E-05 2.OOE-01 5.71E-02 7.46E-04 11
1,2-Dichoroethane 107-06-2 VOC 0.000305426 4.34E-06 2.40E+00 6.86E-01 6.33E-06 0.095
1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 1.86E-06 8.OOE-01 2.29E-01 8.14E-06 0.12
1,4-Dioxane 123-91-1 SVOC 0.0081 1.15E-04 3.60E+00 1.03E+00 1.12E-04 1.7
2-Butanone 78-93-3 VOC 0.0029 4.12E-05 5.00E+00 1.43E+00 2.88E-05 0.43
2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 9.09E-06 3.OOE+00 8.57E-01 1.06E-05 0.16
Acetone 67-64-1 VOC 0.00128316 1.82E-05 3.10E+01 8.86E+00 2.06E-06 0.031
Aluminum 7429-90-5 - 0.041755539 --(c) 5.OOE-03 1.43E-03 --

Arsenic 7440-38-2 - 0.003060574 --(c) 1.50E-05 4.29E-06 -

Barium 7440-39-3 -- 0.068082679 --(c) 5.00E-04 1.43E-04 --

Benzene 71-43-2 VOC 0.0019 2.70E-05 3.OOE-02 8.57E-03 3.15E-03 47
Benzyl alcohol 100-51-6 SVOC 0.0027 3.84E-05 -- -

Beryllium 7440-41-7 0.000360659 --(c) 2.00E-05 5.71E-06
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 1.81E-05 -- -

Cadmium 7440-43-9 - 0.0045 --(c) 1.ooE-05 2.86E-06 -

Carbon disulfide 75-15-0 VOC 0.00039 5.54E-06 7.OOE-01 2.OOE-01 2.77E-05 0.42
Carbon tetrachloride 56-23-5 VOC 0.000164414 2.34E-06 1.90E-01 5.43E-02 4.30E-05 0.65
Chloride 16887-00-6 - 9.821328 --(c) -- - --

Chlorobenzene 108-90-7 VOC 0.00041 5.83E-06 5.OOE-02 1.43E-02 4.08E-04 6.1
Chloroform 67-66-3 VOC 0.00022061 3.13E-06 9.80E-02 2.80E-02 1.12E-04 1.7
Chromium 7440-47-3 - 0.007505402 --(c) - -- --

cis-1,2-Dichloroethylene 156-59-2 VOC 0.0002 2.84E-06 - --

Copper 7440-50-8 - 0.002993571 --(c) - -- -

Fluoride 16984-48-8 -- 0.32861624 --(c) 1.30E-02 3.71E-03 -

Iron 7439-89-6 - 0.47301923 --(c) -- -- --

Lead 7439-92-1 - 0.000710361 --(c) -- -- -

Lithium 7439-93-2 - 0.0083 --(c) - -- --

Manganese 7439-96-5 - 0.011254937 -(c) 5.OOE-05 1.43E-05 --

Methanol 67-56-1 - 1.1 --(c) 4.OOE+00 1.14E+00 --

Methylene chloride 75-09-2 VOC 0.000852962 1.21E-05 1.OOE+00 2.86E-01 4.24E-05 0.64
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Molybdenum
Nickel
Nitrate
Nitrite
o-Xylene
Silver
Strontium
Sulfate
Tetrachloroethene
Toluene
Tributyl phosphate
Trichloroethene
Trichloromonofluoromethane
Uranium
Vanadium
Vinyl chloride
Zinc

7439-98-7
7440-02-0

14797-55-8
14797-65-0

95-47-6
7440-22-4
7440-24-6

14808-79-8
127-18-4
108-88-3
126-73-8
79-01-6
75-69-4

7440-61-1
7440-62-2
75-01-4

7440-66-6

VOC

VOC
VOC
SVOC
VOC
VOC

VOC

0.0015
0.003603478
23.756902

0.079227256
0.000210551
0.005341496
0.36357229
45.069738

0.000993146
0.000274725
0.040836371
0.000492361

0.00058
0.01625113
0.013487657

0.0018
0.10896358

--(c)
--(c)
--(c)
--(c)

2.99E-06

--(c)

1.41E-05
3.90E-06
5.80E-04
7.OOE-06
8.24E-06

2.56E-05

--(c)

9.OOE-05

7.OOE-01

2.70E-01
5.OOE+00

3.50E-02
7.OOE-01
3.OOE-04

1.OOE-01

2.57E-05

2.OOE-01

7.71E-02
1.43E+00

1.OOE-02
2.OOE-01
8.57E-05

2.86E-02

1.50E-05

1.83E-04
2.73E-06

7.OOE-04
4.12E-05

8.95E-04

0.22

2.8
0.041

11
0.62

13

Total 6.65E-03 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm
b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

Inhalation of nonvolatile chemicals is presented in table C-3
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume k Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenoriofor CTUIR Traditional Subsistence Lifewoys.
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd 95 UCL Lih(cancer) IURa SFia Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/5VOC?e (mg/L) (mg/kg-day) (pg/m 3) 5  (kg-day/mg) (unitless) Contribution
(m+p)-Xylene 179601-23-1 VOC 0.0005 6.90E-06 - -

1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 1.66E-05 -

1,1-Dichloroethane 75-34-3 VOC 0.000389235 5.37E-06 - --

1,1-Dichloroethene 75-35-4 VOC 0.000164225 2.27E-06 - -- -

1,2-Dichlorobenzene 95-50-1 VOC 0.003 4.14E-05

1,2-Dichloroethane 107-06-2 VOC 0.000305426 4.22E-06 2.60E-05 9.10E-02 3.84E-07 6.4
1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 1.81E-06 1.10E-05 3.85E-02 6.96E-08 1.2
1,4-Dioxane 123-91-1 SVOC 0.0081 1.12E-04 7.70E-06 2.70E-02 3.01E-06 50.4
2-Butanone 78-93-3 VOC 0.0029 4.00E-05 - - -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 8.83E-06 - - --

Acetone 67-64-1 VOC 0.00128316 1.77E-05 - --

Aluminum 7429-90-5 - 0.041755539 --(c) - - -

Arsenic 7440-38-2 - 0.003060574 --(c) 4.30E-03 1.51E+01 -

Barium 7440-39-3 0.068082679 -- (c) - - -

Benzene 71-43-2 VOC 0.0019 2.62E-05 7.80E-06 2.73E-02 7.16E-07 12.0
Benzyl alcohol 100-51-6 SVOC 0.0027 3.73E-05 - -

Beryllium 7440-41-7 -- 0.000360659 --(c) 2.40E-03 8.40E+00 --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 1.75E-05 2.40E-06 8.40E-03 1.47E-07 2.5
Cadmium 7440-43-9 - 0.0045 --(c) 1.80E-03 6.30E+00 -

Carbon disulfide 75-15-0 VOC 0.00039 5.38E-06 - - -

Carbon tetrachloride 56-23-5 VOC 0.000164414 2.27E-06 1.50E-05 5.25E-02 1.19E-07 2.0
Chloride 16887-00-6 - 9.821328 --(c) --

Chlorobenzene 108-90-7 VOC 0.00041 5.66E-06 -

Chloroform 67-66-3 VOC 0.00022061 3.05E-06 2.30E-05 8.05E-02 2.45E-07 4.1
Chromium 7440-47-3 -- 0.007505402 --(c) - - -

cis-1,2-Dichloroethylene 156-59-2 VOC 0.0002 2.76E-06 - -- -

Copper 7440-50-8 - 0.002993571 --(c) - -

Fluoride 16984-48-8 - 0.32861624 --(c) - - --

Iron 7439-89-6 - 0.47301923 --(c) - -

Lead 7439-92-1 - 0.000710361 --(c) -

Lithium 7439-93-2 -- 0.0083 --(c) - - -

Manganese 7439-96-5 - 0.011254937 --(c) -

Methanol 67-56-1 - 1.1 --(c) - -

Methylene chloride 75-09-2 VOC 0.000852962 1.18E-05 4.70E-07 1.65E-03 1.94E-08 0.3
Molybdenum 7439-98-7 - 0.0015 --(c) -

Nickel 7440-02-0 - 0.003603478 --(c) 2.60E-04 9.10E-01 --

Nitrate 14797-55-8 -- 23.756902 --(c)- -

Nitrite 14797-65-0 - 0.079227256 --(c) - -

o-Xylene 95-47-6 VOC 0.000210551 2.91E-06 - - -

Silver 7440-22-4 -- 0.005341496 --(c) -- -

Strontium 7440-24-6 - 0.36357229 -(c) - -- -

Sulfate 14808-79-8 - 45.069738 --(c) -

Tetrachloroethene 127-18-4 VOC 0.000993146 1.37E-05 5.90E-06 2.07E-02 2.83E-07 4.7
Toluene 108-88-3 VOC 0.000274725 3.79E-06 - -

Tributyl phosphate 126-73-8 SVOC 0.040836371 5.64E-04 - - --

Trichloroethene 79-01-6 VOC 0.000492361 6.80E-06 2.50E-05 8.75E-02 5.95E-07 10.0
Trichloromonofluoromethane 75-69-4 VOC 0.00058 8.01E-06 -- -

Uranium 7440-61-1 - 0.01625113 --(c) - --

Vanadium 7440-62-2 - 0.013487657 --(c) - -

Vinyl chloride 75-01-4 VOC 0.0018 2.48E-05 4.40E-06 1.54E-02 3.83E-07 6.4
Zinc 7440-66-6 -- 0.10896358 --(c) -

Total ELCR 5.97E-06 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) xl1000 (ug/mg).

Inhalation of nonvolatile chemicals is presented in table C-3
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA 540/1-89/002 Risk Assessment Guidancefor Superfund Volumek: Human Health Evaluation Manual (Part A).
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Harris and H arper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area-- CTUIR

Hazard quotient and cancer risk from inhalation of non-VOCs in sweat lodge vapor

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 2)

Cdw values taken from ECF-200P01-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake ,nh calculated mg/kg-day

Temperature of the sweat lodge T 338.7 K

deal gas law constant R 0.06237 (mmHg*m
3

)/gmole*K)

Inhalation rate IR 25 m
3
/day

Length of sweat event ET 0.042 day/event (1hr/24hr)

Number of sweats per year EF 365 days/yr

Exposure duration ED 68 yr

Average body weight BW 70 kg

Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr

Conversion Factor CF 365 day/yr

Contaminant concentration Cdw contaminant-specific mg/L

Molecular weight of water MWw 18 g/mole

Density of liquid water rhow 1000 g/L

Harris (2008)

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Ca. 95 UCL lai(non-cancer) RfCi RfDi
5  

HQ %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (mg/im) (mg/kg-day) (unitless) Contribution

(m+p)-Xylene 179601-23-1 VOC 0.0005 --(c) 7.OOE-01 2.OOE-01 -

1,1,I-Trichloroethane 71-55-6 VOC 0.001204711 --(c) 5.00E+00 1.43E+00 -

1,1-Dichloroethane 75-34-3 VOC 0.000389235 --(c) 7.OOE-01 2.OOE-01 -

1,1-Dichloroethene 75-35-4 VOC 0.000164225 --(c) 2.OOE-01 5.71E-02 --

1,2-Dichlorobenzene 95-50-1 VOC 0.003 --(c) 2.OOE-01 5.71E-02 -

1,2-Dichloroethane 107-06-2 VOC 0.000305426 --(c) 2.40E+00 6.86E-01 --

1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 --(c) 8.OOE-01 2.29E-01 -

1,4-Dioxane 123-91-1 SVOC 0.0081 --(c) 3.60E+00 1.03E+00 -

2-Butanone 78-93-3 VOC 0.0029 --(c) 5.OOE+00 1.43E+00 -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 --(c) 3.OOE+00 8.57E-01 -

Acetone 67-64-1 VOC 0.00128316 --(c) 3.10E+01 8.86E+00 -

Aluminum 7429-90-5 - 0.041755539 1.02E-04 5.OOE-03 1.43E-03 7.13E-02 0.72

Arsenic 7440-38-2 -- 0.003060574 7.46E-06 1.50E-05 4.29E-06 1.74E+00 18

Barium 7440-39-3 - 0.068082679 1.66E-04 5.OOE-04 1.43E-04 1.16E+00 12

Benzene 71-43-2 VOC 0.0019 --(c) 3.OOE-02 8.57E-03 -

Benzyl alcohol 100-51-6 SVOC 0.0027 --(c) - - -

Beryllium 7440-41-7 - 0.000360659 8.79E-07 2.OOE-05 5.71E-06 1.54E-01 1.6

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 --(c) - - --

Cadmium 7440-43-9 - 0.0045 1.lOE-05 1.00E-05 2.86E-06 3.84E+00 39

Carbon disulfide 75-15-0 VOC 0.00039 --(c) 7.00E-01 2.00E-01 -

Carbon tetrachloride 56-23-5 VOC 0.000164414 --(c) 1.90E-01 5.43E-02 -

Chloride 16887-00-6 - 9.821328 2.39E-02 -- --

Chlorobenzene 108-90-7 VOC 0.00041 --(c) 5.OOE-02 1.43E-02 -

Chloroform 67-66-3 VOC 0.00022061 -(c) 9.80E-02 2.80E-02 -

Chromium 7440-47-3 0.007505402 1.83E-05 - -

cis-1,2-Dichloroethylene 156-59-2 VOC 0.0002 --(c) - -- --

Copper 7440-50-8 -- 0.002993571 7.30E-06 - -- -

Fluoride 16984-48-8 0.32861624 8.01E-04 1.30E-02 3.71E-03 2.16E-01 2.2

Iron 7439-89-6 - 0.47301923 1.15E-03 - - -

Lead 7439-92-1 - 0.000710361 1.73E-06 - -

Lithium 7439-93-2 - 0.0083 2.02E-05 - -

Manganese 7439-96-5 - 0.011254937 2.74E-05 5.OE-OS 1.43E-05 1.92E+00 19

Methanol 67-56-1 - 1.1 2.68E-03 4.OOE+00 1.14E+00 2.35E-03 0.024

Methylene chloride 75-09-2 VOC 0.000852962 --(c) 1.OOE+00 2.86E-01 -

Molybdenum 7439-98-7 -- 0.0015 3.66E-06 - -

Nickel 7440-02-0 - 0.003603478 8.79E-06 9.00E-05 2.57E-05 3.42E-01 3.4

Nitrate 14797-55-8 23.756902 5.79E-02 - - -

Nitrite 14797-65-0 0.079227256 1.93E-04 - -- -

o-Xylene 95-47-6 VOC 0.000210551 --(c) 7.OOE-01 2.OOE-01 -

Silver 7440-22-4 0.005341496 1.30E-05 - -

Strontium 7440-24-6 -- 0.36357229 8.87E-04 - -- -

Sulfate 14808-79-8 - 45.069738 1.10E-01 -- - -

Tetrachloroethene 127-18-4 VOC 0.000993146 -(c) 2.70E-01 7.71E-02 -

Toluene 108-88-3 VOC 0.000274725 --(c) 5.OOE+00 1.43E+00 -

Tributyl phosphate 126-73-8 SVOC 0.040836371 --(c) - -

Trichloroethene 79-01-6 VOC 0.000492361 -(c) 3.50E-02 1.OOE-02 --

Trichloromonofluoromethane 75-69-4 VOC 0.00058 --(c) 7.OOE-01 2.00E-01 -

Uranium 7440-61-1 - 0.01625113 3.96E-05 3.00E-04 8.57E-05 4.62E-01 4.7

Vanadium 7440-62-2 0.013487657 3.29E-05 -- -

Vinyl chloride 75-01-4 VOC 0.0018 --(c) 1.OOE-01 2.86E-02 -

Zinc 7440-66-6 - 0.10896358 2.66E-04 - - -_

Total 10 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/Generic_Tables/index.htm

b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x1/70 (kg).
Inhalation of volatile compounds in vapor is presented in Table C-2

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.

HQ = hazard quotient.

SVOC = semivolatile organic compound.
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VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Ca, 95 UCL l,(cancer) IURa SFI Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) ( g/m') (kg-day/mg) (unitless) Contribution

(m+p)-Xylene 179601-23-1 VOC 0.0005 --(c)

1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 --(c) - -

1,1-Dichloroethane 75-34-3 VOC 0.000389235--(c)

1,1-Dichloroethene 75-35-4 VOC 0.000164225 --(c)

1,2-Dichlorobenzene 95-50-1 VOC 0.003 --(c)

1,2-Dichloroethane 107-06-2 VOC 0.000305426 --(c) 2.60E-05 9.10E-02 -

1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 --(c) 1.10E-05 3.85E-02 -

1,4-Dioxane 123-91-1 SVOC 0.0081 --(c) 7.70E-06 2.70E-02 -

2-Butanone 78-93-3 VOC 0.0029 --(c) - -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 --(c) -- - -

Acetone 67-64-1 VOC 0.00128316 --(c) -- -- -

Aluminum 7429-90-5 0.041755539 9.89E-05 - -

Arsenic 7440-38-2 - 0.003060574 7.25E-06 4.30E-03 1.51E+01 1.09E-04 57
Barium 7440-39-3 -- 0.068082679 1.61E-04 - - -

Benzene 71-43-2 VOC 0.0019 --(c) 7.80E-06 2.73E-02 --

Benzyl alcohol 100-51-6 SVOC 0.0027 --(c) - -

Beryllium 7440-41-7 0.000360659 8.54E-07 2.40E-03 8.40E+00 7.18E-06 3.8
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 --(c) 2.40E-06 8.40E-03 --

Cadmium 7440-43-9 -- 0.0045 1.07E-05 1.80E-03 6.30E+00 6.72E-05 35

Carbon disulfide 75-15-0 VOC 0.00039 --(c) - - --

Carbon tetrachloride 56-23-5 VOC 0.000164414 --(c) 1.50E-05 5.25E-02 -

Chloride 16887-00-6 9.821328 2.33E-02 -- -- --

Chlorobenzene 108-90-7 VOC 0.00041 --(c) -- - -

Chloroform 67-66-3 VOC 0.00022061 --(c) 2.30E-05 8.05E-02 -

Chromium 7440-47-3 0.007505402 1.78E-05 -- - -

cis-1,2-Dichloroethylene 156-59-2 VOC 0.0002 --(c) -- - --

Copper 7440-50-8 -- 0.002993571 7.09E-06 - - --

Fluoride 16984-48-8 - 0.32861624 7.78E-04 - - -

Iron 7439-89-6 0.47301923 1.12E-03 - - --

Lead 7439-92-1 -- 0.000710361 1.68E-06 - - -

Lithium 7439-93-2 -- 0.0083 1.97E-05 - - -

Manganese 7439-96-5 0.011254937 2.67E-05 - - -

Methanol 67-56-1 - 1.1 2.61E-03 - -- -

Methylene chloride 75-09-2 VOC 0.000852962 --(c) 4.70E-07 1.65E-03 --

Molybdenum 7439-98-7 0.0015 3.55E-06 - - -

Nickel 7440-02-0 - 0.003603478 8.54E-06 2.60E-04 9.10E-01 7.77E-06 4.1

Nitrate 14797-55-8 -- 23.756902 5.63E-02 - -

Nitrite 14797-65-0 0.079227256 1.88E-04 -- -

o-Xylene 95-47-6 VOC 0.000210551 --(c) - -

Silver 7440-22-4 - 0.005341496 1.27E-05 -

Strontium 7440-24-6 0.36357229 8.61E-04 -

Sulfate 14808-79-8 - 45.069738 1.07E-01 -- - -

Tetrachloroethene 127-18-4 VOC 0.000993146 --(c) 5.90E-06 2.07E-02 -

Toluene 108-88-3 VOC 0.000274725 --(c)
Tributyl phosphate 126-73-8 SVOC 0.040836371 -(c) -- --

Trichloroethene 79-01-6 VOC 0.000492361 --(c) 2.50E-05 8.75E-02 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 -(c) - - -

Uranium 7440-61-1 - 0.01625113 3.85E-05 -- - -

Vanadium 7440-62-2 -- 0.013487657 3.19E-05 --

Vinyl chloride 75-01-4 VOC 0.0018 -- (c) 4.40E-06 1.54E-02 -

Zinc 7440-66-6 - 0.10896358 2.58E-04 - -

Total ELCR 1.91E-04 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

Inhalation of volatile compounds in vapor is presented in Table C-2
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.

VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area -- CTUIR

Hazard quotient and cancer risk from dermal exposure to VOCs/SVOCs in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
Model assumes 100% volatilization ofVOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water (ld,l)
can be neglected and total dermal intake (ld,total) is equal to dermal intake from VOCs/SVOCs in sweat lodge vapor (ld,v)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 3)
Cdw values taken from ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Dermal absorption intake from vapor I, calculated mg/kg-day
Contaminant concentration in water Cdw contaminant-specific mg/L
Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Body surface area available for contact SA 1.8 m2
Permeability constant Kp contaminant-specific cm/hr
Length of sweat event ET 1 hr/event
Number of sweats per year EF 365 events/yr
Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF1 0.01 M/cm
Conversion factor CF2 365 day/yr

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit C, 95 UCL Kpb ld(non-cancer) RfDo' GIABSa HQ %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

(m+p)-Xylene' 179601-23-1 VOC 0.0005 0.053 6.51E-09 2.OOE-01 1 3.25E-08 0.50
1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 0.013 3.85E-09 2.OOE+00 1 1.92E-09 0.029
1,1-Dichloroethane 75-34-3 VOC 0.000389235 0.0067 6.40E-10 2.OOE-01 1 3.20E-09 0.049
1,1-Dichloroethene 75-35-4 VOC 0.000164225 0.012 4.84E-10 5.OOE-02 1 9.68E-09 0.15
1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 3.02E-08 9.OOE-02 1 3.36E-07 5.1
1,2-Dichloroethane 107-06-2 VOC 0.000305426 0.0042 3.15E-10 2.OOE-02 1 1.57E-08 0.24
1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 0.042 1.35E-09 7.OOE-02 1 1.93E-08 0.29
1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 6.56E-10 1.OOE-01 1 6.56E-09 0.100
2-Butanone 78-93-3 VOC 0.0029 0.00096 6.84E-10 6.OOE-01 1 1.14E-09 0.017
2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 4.24E-10 8.00E-02 1 5.30E-09 0.081

Acetoned 67-64-1 VOC 0.00128316 0.000512 1.61E-10 9.OOE-01 1 1.79E-10 0.0027
Aluminum 7429-90-5 - 0.041755539 0.001 --(c) 1.OOE+00 1 -

Arsenic 7440-38-2 - 0.003060574 0.001 --(c) 3.OOE-04 1
Barium 7440-39-3 - 0.068082679 0.001 --(c) 2.00E-01 0.07 -

Benzene 71-43-2 VOC 0.0019 0.015 7.OOE-09 4.OOE-03 1 1.75E-06 27

Benzyl alcohold 100-51-6 SVOC 0.0027 0.00209 1.39E-09 1.OOE-01 1 1.39E-08 0.21
Beryllium 7440-41-7 - 0.000360659 0.001 --(c) 2.OOE-03 0.007 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 0.025 7.80E-09 2.OOE-02 1 3.90E-07 5.9
Cadmium 7440-43-9 - 0.0045 0.001 --(c) 5.OOE-04 0.05 --

Carbon disulfide 75-15-0 VOC 0.00039 0.017 1.63E-09 1.OE-01 1 1.63E-08 0.25
Carbon tetrachloride 56-23-5 VOC 0.000164414 0.016 6.46E-10 7.OOE-04 1 9.23E-07 14
Chloride 16887-00-6 - 9.821328 0.001 --(c) 1
Chlorobenzene 108-90-7 VOC 0.00041 0.028 2.82E-09 2.OOE-02 1 1.41E-07 2.1
Chloroform 67-66-3 VOC 0.00022061 0.0068 3.68E-10 1.OOE-02 1 3.68E-08 0.56
Chromium 7440-47-3 -- 0.007505402 0.001 --(c) 1.50E+00 0.013 -

cis-1,2-Dichloroethylene' 156-59-2 VOC 0.0002 0.0077 3.78E-10 1.OOE-02 1 3.78E-08 0.58
Copper 7440-50-8 - 0.002993571 0.001 --(c) 4.OOE-02 1 -

Fluoride 16984-48-8 - 0.32861624 0.001 --(c) 6.OOE-02 1 -

Iron 7439-89-6 - 0.47301923 0.001 --(c) 7.OOE-01 1 -

Lead 7439-92-1 0.000710361 0.0001 --(c) -- 1 -

Lithium 7439-93-2 - 0.0083 0.001 --(c) 2.OOE-03 1
Manganese 7439-96-5 0.011254937 0.001 --(c) 2.40E-02 0.04 -

Methanol 67-56-1 1.1 0.00032 --(c) 5.OOE-01 1 -

Methylene chloride 75-09-2 VOC 0.000852962 0.0035 7.33E-10 6.OOE-02 1 1.22E-08 0.19
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Molybdenum 7439-98-7 -- 0.0015 0.001 --(c) 5.00E-03 1
Nickel 7440-02-0 - 0.003603478 0.0002 --(c) 2.OOE-02 0.04 --

Nitrate 14797-55-8 23.756902 0.001 --(c) 7.10E+00 1 -

Nitrite 14797-65-0 - 0.079227256 0.001 --(c) 3.OOE-01 1 -

o-Xylene 95-47-6 VOC 0.000210551 0.054 2.79E-09 2.OOE-01 1 1.40E-08 0.21
Silver 7440-22-4 - 0.005341496 0.0006 --(c) 5.OOE-03 0.04 -

Strontium 7440-24-6 0.36357229 0.001 --(c) 6.OOE-01 1 -

Sulfate 14808-79-8 - 45.069738 0.001 --(c) -- -

Tetrachloroethene 127-18-4 VOC 0.000993146 0.033 8.05E-09 1.OOE-02 1 8.05E-07 12
Toluene 108-88-3 VOC 0.000274725 0.031 2.09E-09 8.00E-02 1 2.61E-08 0.40
Tributyl phosphated 126-73-8 SVOC 0.040836371 0.0228 2.29E-07 2.OOE-01 1 1.14E-06 17
Trichloroethene 79-01-6 VOC 0.000492361 0.012 1.45E-09 - 1 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 1.85E-09 3.OOE-01 1 6.17E-09 0.094
Uranium 7440-61-1 - 0.01625113 0.001 --(c) 3.OOE-03 1 --

Vanadium 7440-62-2 - 0.013487657 0.001 --(c) 5.OOE-03 1 -

Vinyl chlorided 75-01-4 VOC 0.0018 0.0056 2.48E-09 3.OOE-03 1 8.25E-07 13
Zinc 7440-66-6 - 0.10896358 0.0006 --(c) 3.OOE-01 1
Total 6.57E-06 100
' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Dermal absorption of nonvolatile chemicals is presented in tables C-5 and C-6
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

e for cis-1,2-dichloroethyelene the chemical-specific inputs are assummed to be the same as trans-1,2-dichloroethylene

Sfor (m+p) xylenes and o-xylene the chemical-specific inputs are assummed to be the same as m-xylene
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
E PA/540/R/99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ = hazard quotient.

SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cdw95 UCL Kpb ld,,(cancer) CSFo' GIABSa Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)' (unitless) (unitless) Contribution

(m+p)-XyIene' 179601-23-1 VOC 0.0005 0.053 6.32E-09 - 1 -

1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 0.013 3.74E-09 - 1 --

1,1-Dichloroethane 75-34-3 VOC 0.000389235 0.0067 6.22E-10 - 1 --

1,1-Dichloroethene 75-35-4 VOC 0.000164225 0.012 4.70E-10 - 1 -

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 2.93E-08 - 1 --

1,2-Dichloroethane 107-06-2 VOC 0.000305426 0.0042 3.06E-10 9.10E-02 1 2.78E-11 0.32
1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 0.042 1.31E-09 5.40E-03 1 7.09E-12 0.081
1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 6.38E-10 1.10E-02 1 7.01E-12 0.080
2-Butanone 78-93-3 VOC 0.0029 0.00096 6.64E-10 - 1 --

2-Pentanone, 4-MethyI 108-10-1 VOC 0.00064 0.0027 4.12E-10 -- 1 --

Acetone 67-64-1 VOC 0.00128316 0.000512 1.57E-10 - 1
Aluminum 7429-90-5 -- 0.041755539 0.001 --(c) -- 1 --

Arsenic 7440-38-2 - 0.003060574 0.001 --(c) 1.50E+00 1
Barium 7440-39-3 - 0.068082679 0.001 --(c) - 0.07 -

Benzene 71-43-2 VOC 0.0019 0.015 6.80E-09 5.50E-02 1 3.74E-10 4.3

Benzyl alcohold 100-51-6 SVOC 0.0027 0.00209 1.35E-09 - 1 --

Beryllium 7440-41-7 - 0.000360659 0.001 --(c) - 0.007 --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 0.025 7.58E-09 1.40E-02 1 1.06E-10 1.2
Cadmium 7440-43-9 - 0.0045 0.001 -(c) - 0.05 -

Carbon disulfide 75-15-0 VOC 0.00039 0.017 1.58E-09 -- 1 --

Carbon tetrachloride 56-23-5 VOC 0.000164414 0.016 6.28E-10 1.30E-01 1 8.16E-11 0.93
Chloride 16887-00-6 - 9.821328 0.001 --(c) - 1 -

Chlorobenzene 108-90-7 VOC 0.00041 0.028 2.74E-09 - 1 --

Chloroform 67-66-3 VOC 0.00022061 0.0068 3.58E-10 3.10E-02 1 1.11E-11 0.13
Chromium 7440-47-3 - 0.007505402 0.001 --(c) - 0.013 --

cis-1,2-Dichloroethylenee 156-59-2 VOC 0.0002 0.0077 3.67E-10 -- 1 -

Copper 7440-50-8 - 0.002993571 0.001 --(c) -- 1 -

Fluoride 16984-48-8 - 0.32861624 0.001 -(c) - 1 --

Iron 7439-89-6 - 0.47301923 0.001 --(c) 1 -

Lead 7439-92-1 - 0.000710361 0.0001 --(c) 1
Lithium 7439-93-2 - 0.0083 0.001 --(c) - 1
Manganese 7439-96-5 0.011254937 0.001 -- (c) - 0.04 -

Methanol 67-56-1 - 1.1 0.00032 --(c) -- 1 --

Methylene chloride 75-09-2 VOC 0.000852962 0.0035 7.12E-10 7.50E-03 1 5.34E-12 0.061
Molybdenum 7439-98-7 - 0.0015 0.001 -(c) - 1 --

Nickel 7440-02-0 0.003603478 0.0002 -- (c) -- 0.04
Nitrate 14797-55-8 - 23.756902 0.001 --(c) 1
Nitrite 14797-65-0 - 0.079227256 0.001 --(c) - 1 -

o-Xylene 95-47-6 VOC 0.000210551 0.054 2.71E-09 - 1 -

Silver 7440-22-4 - 0.005341496 0.0006 --(c) - 0.04 -

Strontium 7440-24-6 -- 0.36357229 0.001 --(c) - 1 -

Sulfate 14808-79-8 - 45.069738 0.001 --(c) - - --

Tetrachloroethene 127-18-4 VOC 0.000993146 0.033 7.82E-09 5.40E-01 1 4.22E-09 48
Toluene 108-88-3 VOC 0.000274725 0.031 2.03E-09 1 --

Tributyl phosphated 126-73-8 SVOC 0.040836371 0.0228 2.22E-07 9.20E-03 1 2.04E-09 23
Trichloroethene 79-01-6 VOC 0.000492361 0.012 1.41E-09 8.90E-02 1 1.25E-10 1.4
Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 1.80E-09 - 1 -

Uranium 7440-61-1 - 0.01625113 0.001 --(c) -- 1
Vanadium 7440-62-2 - 0.013487657 0.001 -(c) - 1 -

Vinyl chlorided 75-01-4 VOC 0.0018 0.0056 2.40E-09 7.20E-01 1 1.73E-09 20
Zinc 7440-66-6 - 0.10896358 0.0006 --(c) 1 --

Total ELCR 8.74E-09 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics.)

Dermal absorption of nonvolatile chemicals is presented in tables C-5 and C-6
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
e for cis-1,2-dichloroethyelene the chemical-specific inputs are assummed to be the same as trans-1,2-dichloroethylene

for (m+p) xylenes and o-xylene the chemical-specific inputs are assummed to be the same as m-xylene
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
E PA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
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Harris and H a rper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)-Far-field exposure area -- CTUIR

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge condensed water
Model assumes 100% volatilization ofVOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4)
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenoriofor CTUIR Traditional Subsistence Lifeways
Model assumes concentration of nonvolatiles in condensed water is equal to concentration in water used to create steam

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from liquid l'dI calculated mg/kg-day

Contaminant concentration in water Cdw contaminant-specific mg/L

Body surface area available for contact SA 1.8 M2

Permeability constant Kp contaminant-specific cm/hr
Length of sweat event ET 1 hr/event
Number of sweats per year EF 365 events/yr
Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF2 365 day/yr

Conversion factor CF3 10 L/m 2-cm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit C,95 UCL Kp5  l d(non-cancer) RfDoa GIABS' HQ %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution
(m+p)-Xylene 179601-23-1 VOC 0.0005 0.053 -(c) 2.OOE-01 1 -

1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 0.013 -(c) 2.OOE+00 1 -

1,1-Dichloroethane 75-34-3 VOC 0.000389235 0.0067 --(c) 2.OOE-01 1
1,1-Dichloroethene 75-35-4 VOC 0.000164225 0.012 -(c) 5.OOE-02 1 --

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 --(c) 9.OOE-02 1
1,2-Dichloroethane 107-06-2 VOC 0.000305426 0.0042 -(c) 2.OOE-02 1 -

1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 0.042 --(c) 7.OOE-02 1 --

1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 --(c) 1.00E-01 1 -

2-Butanone 78-93-3 VOC 0.0029 0.00096 --(c) 6.OOE-01 1 -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 --(c) 8.OOE-02 1 -

Acetone 67-64-1 VOC 0.00128316 0.000512 -(c) 9.OOE-01 1
Aluminum 7429-90-5 - 0.041755539 0.001 1.07E-05 1.OOE+00 1 1.07E-05 0.015
Arsenic 7440-38-2 - 0.003060574 0.001 7.87E-07 3.OOE-04 1 2.62E-03 3.7
Barium 7440-39-3 -- 0.068082679 0.001 1.75E-05 2.OOE-01 0.07 1.25E-03 1.8
Benzene 71-43-2 VOC 0.0019 0.015 -(c) 4.OOE-03 1
Benzyl alcohol 100-51-6 SVOC 0.0027 0.00209 -(c) 1.OOE-01 1
Beryllium 7440-41-7 - 0.000360659 0.001 9.27E-08 2.OOE-03 0.007 6.62E-03 9.4
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 0.025 -(c) 2.OOE-02 1
Cadmium 7440-43-9 - 0.0045 0.001 1.16E-06 5.OOE-04 0.05 4.63E-02 66
Carbon disulfide 75-15-0 VOC 0.00039 0.017 --(c) 1.OE-01 1
Carbon tetrachloride 56-23-5 VOC 0.000164414 0.016 -(c) 7.OOE-04 1
Chloride 16887-00-6 - 9.821328 0.001 2.53E-03 - 1
Chlorobenzene 108-90-7 VOC 0.00041 0.028 --(c) 2.OOE-02 1
Chloroform 67-66-3 VOC 0.00022061 0.0068 -(c) 1.OOE-02 1
Chromium 7440-47-3 - 0.007505402 0.001 1.93E-06 1.50E+00 0.013 9.90E-05 0.14
cis-1,2-Dichloroethylene 156-59-2 VOC 0.0002 0.0077 --(c) 1.OOE-02 1
Copper 7440-50-8 - 0.002993571 0.001 7.70E-07 4.OOE-02 1 1.92E-05 0.027
Fluoride 16984-48-8 - 0.32861624 0.001 8.45E-05 6.OOE-02 1 1.41E-03 2.0
Iron 7439-89-6 - 0.47301923 0.001 1.22E-04 7.OOE-01 1 1.74E-04 0.25
Lead 7439-92-1 0.000710361 0.0001 1.83E-08 1 -

Lithium 7439-93-2 - 0.0083 0.001 2.13E-06 2.OOE-03 1 1.07E-03 1.5
Manganese 7439-96-5 - 0.011254937 0.001 2.89E-06 2.40E-02 0.04 3.01E-03 4.3
Methanol 67-56-1 -- 1.1 0.00032 9.05E-05 5.OOE-01 1 1.81E-04 0.26
Methylene chloride 75-09-2 VOC 0.000852962 0.0035 --(c) 6.OOE-02 1 -
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Molybdenum 7439-98-7 - 0.0015 0.001 3.86E-07 5.OOE-03 1 7.71E-05 0.11
Nickel 7440-02-0 -- 0.003603478 0.0002 1.85E-07 2.OOE-02 0.04 2.32E-04 0.33
Nitrate 14797-55-8 23.756902 0.001 6.11E-03 7.10E+00 1 8.60E-04 1.2
Nitrite 14797-65-0 0.079227256 0.001 2.04E-05 3.OOE-01 1 6.79E-05 0.096
o-Xylene 95-47-6 VOC 0.000210551 0.054 -(c) 2.OOE-01 1 -

Silver 7440-22-4 0.005341496 0.0006 8.24E-07 5.OOE-03 0.04 4.12E-03 5.9
Strontium 7440-24-6 - 0.36357229 0.001 9.35E-05 6.OOE-01 1 1.56E-04 0.22
Sulfate 14808-79-8 - 45.069738 0.001 1.16E-02 - -

Tetrachloroethene 127-18-4 VOC 0.000993146 0.033 --(c) 1.OOE-02 1 -

Toluene 108-88-3 VOC 0.000274725 0.031 -(c) 8.OOE-02 1
Tributyl phosphate 126-73-8 SVOC 0.040836371 0.0228 --(c) 2.OOE-01 1 -

Trichloroethene 79-01-6 VOC 0.000492361 0.012 -(c) - 1 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 -(c) 3.OOE-01 1
Uranium 7440-61-1 -- 0.01625113 0.001 4.18E-06 3.OOE-03 1 1.39E-03 2.0
Vanadium 7440-62-2 - 0.013487657 0.001 3.47E-06 5.OOE-03 1 6.94E-04 0.99
Vinyl chloride 75-01-4 VOC 0.0018 0.0056 --(c) 3.OOE-03 1 --

Zinc 7440-66-6 1-1 0.10896358 0.0006 1.68E-05 3.OOE-01 1 5.60E-05 0.080
Total 0.1 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Model assumes 100% volatilization ofVOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

' for cis-1,2-dichloroethyelene the chemical-specific inputs are assummed to be the same as trans-1,2-dichloroethylene

for (m+p) xylenes and o-xylene the chemical-specific inputs are assummed to be the same as m-xylene
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ= hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cdw 95 UCL Kpb l5 (cancer) CSFo' GIABS' Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?" (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)1  (unitless) (unitless) Contribution
(m+p)-Xylene 179601-23-1 VOC 0.0005 0.053 -(c) 1 -

1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 0.013 -(c) 1 -

1,1-Dichloroethane 75-34-3 VOC 0.000389235 0.0067 --(c) - 1 -

1,1-Dichloroethene 75-35-4 VOC 0.000164225 0.012 --(c) 1 -

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 --(c) -- 1
1,2-Dichloroethane 107-06-2 VOC 0.000305426 0.0042 -(c) 9.10E-02 1 --

1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 0.042 -(c) 5.40E-03 1 -

1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 -(c) 1.10E-02 1
2-Butanone 78-93-3 VOC 0.0029 0.00096 --(c) 1 -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 -(c) - 1
Acetone 67-64-1 VOC 0.00128316 0.000512 -(c) - 1 --

Aluminum 7429-90-5 0.041755539 0.001 1.04E-05 1-
Arsenic 7440-38-2 - 0.003060574 0.001 7.65E-07 1.50E+00 1 1.15E-06 100
Barium 7440-39-3 - 0.068082679 0.001 1.70E-05 0.07
Benzene 71-43-2 VOC 0.0019 0.015 -(c) 5.50E-02 1 -

Benzyl alcohol 100-51-6 SVOC 0.0027 0.00209 --(c) -- 1 --

Beryllium 7440-41-7 - 0.000360659 0.001 9.01E-08 - 0.007 --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 0.025 --(c) 1.40E-02 1
Cadmium 7440-43-9 - 0.0045 0.001 1.12E-06 - 0.05
Carbon disulfide 75-15-0 VOC 0.00039 0.017 --(c) - 1
Carbon tetrachloride 56-23-5 VOC 0.000164414 0.016 --(c) 1.30E-01 1
Chloride 16887-00-6 -- 9.821328 0.001 2.45E-03- 1
Chlorobenzene 108-90-7 VOC 0.00041 0.028 -(c) - 1 -

Chloroform 67-66-3 VOC 0.00022061 0.0068 -(c) 3.10E-02 1 -

Chromium 7440-47-3 - 0.007505402 0.001 1.87E-06 0.013 --

cis-1,2-Dichloroethylene 156-59-2 VOC 0.0002 0.0077 -(c) - 1
Copper 7440-50-8 - 0.002993571 0.001 7.48E-07 - 1 -

Fluoride 16984-48-8 - 0.32861624 0.001 8.21E-05 - 1 --

Iron 7439-89-6 0.47301923 0.001 1.18E-04 - 1
Lead 7439-92-1 - 0.000710361 0.0001 1.77E-08 - 1 --

Lithium 7439-93-2 - 0.0083 0.001 2.07E-06 - 1
Manganese 7439-96-5 - 0.011254937 0.001 2.81E-06 - 0.04 -

Methanol 67-56-1 - 1.1 0.00032 8.79E-05 -- 1
Methylene chloride 75-09-2 VOC 0.000852962 0.0035 -(c) 7.50E-03 1 -

Molybdenum 7439-98-7 - 0.0015 0.001 3.75E-07 - 1
Nickel 7440-02-0 - 0.003603478 0.0002 1.80E-07 - 0.04 --

Nitrate 14797-55-8 - 23.756902 0.001 5.93E-03 -- 1 -

Nitrite 14797-65-0 - 0.079227256 0.001 1.98E-05 - 1 -

o-Xylene 95-47-6 VOC 0.000210551 0.054 -(c) -- 1 -

Silver 7440-22-4 - 0.005341496 0.0006 8.01E-07 - 0.04

Strontium 7440-24-6 - 0.36357229 0.001 9.08E-05 -- 1
Sulfate 14808-79-8 - 45.069738 0.001 1.13E-02 - --

Tetrachloroethene 127-18-4 VOC 0.000993146 0.033 --(c) 5.40E-01 1 -

Toluene 108-88-3 VOC 0.000274725 0.031 -(c) - 1 -

Tributyl phosphate 126-73-8 SVOC 0.040836371 0.0228 --(c) 9.20E-03 1
Trichloroethene 79-01-6 VOC 0.000492361 0.012 -(c) 8.90E-02 1

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 --(c) - 1-
Uranium 7440-61-1 - 0.01625113 0.001 4.06E-06 - 1
Vanadium 7440-62-2 - 0.013487657 0.001 3.37E-06 1
Vinyl chloride 75-01-4 VOC 0.0018 0.0056 -(c) 7.20E-01 1 --

Zinc 7440-66-6 - 0.10896358 0.0006 1.63E-05 I -

Total ELCR 1.15E-06 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics.)

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).
the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
for cis-1,2-dichloroethyelene the chemical-specific inputs are assummed to be the same as trans-1,2-dichloroethylene

for (m+p) xylenes and o-xylene the chemical-specific inputs are assummed to be the same as m-xylene

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
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EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area-- CTUIR

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge vapor

CTUlR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4)

Cdw values taken from ECF-200P01-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from vapor i,, calculated mg/kg-day

Body surface area available for contact SA 1.8 M2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event ET 1 hr/day

Number of sweats per year EF 365 days/yr

Exposure duration ED 68 yr

Average body weight BW 70 kg

Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr

Contaminant concentration Cdw contaminant-specific mg/L

Molecular weight of water MWw 18 g/mole

ideal gas law constant R 62.37 (mmHg-L)/(gmole-K)

Temperature of the sweat lodge T 338.7 K

Density of liquid water rhow 1000 g/L

Conversion factor CF 2  365 day/yr

Conversion factor CF3 10 L/m
2

-cm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Ca, 95 UCL Kph ld,(non-cancer) RfDo' GIABS' HQ %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

(m+p)-Xylene 179601-23-1 VOC 0.0005 0.053 --(c) 2.OOE-01 1 --

1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 0.013 --(c) 2.OOE+00 1 --

1,1-Dichloroethane 75-34-3 VOC 0.000389235 0.0067 --(c) 2.OOE-01 1 --

1,1-Dichloroethene 75-35-4 VOC 0.000164225 0.012 --(c) 5.00E-02 1 --

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 --(c) 9.00E-02 1 -

1,2-Dichloroethane 107-06-2 VOC 0.000305426 0.0042 --(c) 2.00E-02 1 -

1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 0.042 --(c) 7.OOE-02 1 --

1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 --(c) 1.OOE-01 1 --

2-Butanone 78-93-3 VOC 0.0029 0.00096 --(c) 6.OOE-01 1 --

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 --(c) 8.00E-02 1 --

Acetone 67-64-1 VOC 0.00128316 0.000512 --(c) 9.OOE-01 1 -

Aluminum 7429-90-5 -- 0.041755539 0.001 1.76E-09 1.00E+00 1 1.76E-09 0.015

Arsenic 7440-38-2 -- 0.003060574 0.001 1.29E-10 3.00E-04 1 4.30E-07 3.7

Barium 7440-39-3 0.068082679 0.001 2.87E-09 2.00E-01 0.07 2.05E-07 1.8

Benzene 71-43-2 VOC 0.0019 0.015 -- c) 4.00E-03 1 --

Benzyl alcohol 100-51-6 SVOC 0.0027 0.00209 -c) 1.OOE-01 1

Beryllium 7440-41-7 -- 0.000360659 0.001 1.52E-11 2.00E-03 0.007 1.09E-06 9.4

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 0.025 -- (c) 2.OOE-02 1

Cadmium 7440-43-9 - 0.0045 0.001 1.90E-10 5.OOE-04 0.05 7.58E-06 66

Carbon disulfide 75-15-0 VOC 0.00039 0.017 --(c) 1.OE-01 1 --

Carbon tetrachloride 56-23-5 VOC 0.000164414 0.016 --(c) 7.OOE-04 1 --

Chloride 16887-00-6 -- 9.821328 0.001 4.14E-07 -- 1 --

Chlorobenzene 108-90-7 VOC 0.00041 0.028 --(c) 2.OOE-02 1 -

Chloroform 67-66-3 VOC 0.00022061 0.0068 --(c) 1.00E-02 1 -

Chromium 7440-47-3 -- 0.007505402 0.001 3.16E-10 1.50E+00 0.013 1.62E-08 0.14

cis-1,2-Dichloroethylene 156-59-2 VOC 0.0002 0.0077 --(c) 1.00E-02 1 --

Copper 7440-50-8 0.002993571 0.001 1.26E-10 4.00E-02 1 3.15E-09 0.027

Fluoride 16984-48-8 0.32861624 0.001 1.38E-08 6.00E-02 1 2.31E-07 2.0

Iron 7439-89-6 - 0.47301923 0.001 1.99E-08 7.OOE-01 1 2.85E-08 0.25

Lead 7439-92-1 -- 0.000710361 0.0001 2.99E-12 - 1 --

Lithium 7439-93-2 -- 0.0083 0.001 3.50E-10 2.00E-03 1 1.75E-07 1.5

Manganese 7439-96-5 -- 0.011254937 0.001 4.74E-10 2.40E-02 0.04 4.94E-07 4.3

Methanol 67-56-1 1.1 0.00032 1.48E-08 5.00E-01 1 2.97E-08 0.26

Methylene chloride 75-09-2 VOC 0.000852962 0.0035 -c) 6.00E-02 1 -

Molybdenum 7439-98-7 0.0015 0.001 6.32E-11 5.00E-03 1 1.26E-08 0.11

Nickel 7440-02-0 0.003603478 0.0002 3.04E-11 2.OOE-02 0.04 3.80E-08 0.33

Nitrate 14797-55-8 - 23.756902 0.001 1.OOE-06 7.10E+00 1 1.41E-07 1.2

Nitrite 14797-65-0 0.079227256 0.001 3.34E-09 3.00E-01 1 1.11E-08 0.096

o-Xylene 95-47-6 VOC 0.000210551 0.054 --(c) 2.OOE-01 1 -

Silver 7440-22-4 -- 0.005341496 0.0006 1.35E-10 5.OOE-03 0.04 6.75E-07 5.9

Strontium 7440-24-6 -- 0.36357229 0.001 1.53E-08 6.OE-01 1 2.55E-08 0.22

Sulfate 14808-79-8 -- 45.069738 0.001 1.90E-06 -- --

Tetrachloroethene 127-18-4 VOC 0.000993146 0.033 --(c) 1.00E-02 1 -

Toluene 108-88-3 VOC 0.000274725 0.031 -c) 8.00E-02 1 -

Tributyl phosphate 126-73-8 SVOC 0.040836371 0.0228 --(c) 2.00E-01 1 -

Trichloroethene 79-01-6 VOC 0.000492361 0.012 -c) -- 1 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 --(c) 3.OOE-01 1 --

Uranium 7440-61-1 0.01625113 0.001 6.85E-10 3.OOE-03 1 2.28E-07 2.0

Vanadium 7440-62-2 0.013487657 0.001 5.68E-10 5.00E-03 1 1.14E-07 0.99

Vinyl chloride 75-01-4 VOC 0.0018 0.0056 --(c) 3.00E-03 1 -

Zinc 7440-66-6 0.10896358 0.0006 2.75E-09 3.00E-01 1 9.181-09 0.080
Total 0.00 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/Generic_Tables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Dermal Absorption of volatiles is presented in table C-4

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.orni.gov

for cis-1,2-dichloroethyelene the chemical-specific inputs are assummed to be the same as trans-1,2-dichloroethylene

for (m+p) xylenes and o-xylene the chemical-specific inputs are assummed to be the same as m-xylene
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Monuol (Part E, Supplemental Guidance for Dermal Risk Assessment).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
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VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL Kp ld,,(cancer) CSFo' GIABS' Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)
1  

(unitless) (unitless) Contribution
(m+p)-Xylene 179601-23-1 VOC 0.0005 0.053 --(c) - 1 -

1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 0.013 --(c) - 1 -

1,1-Dichloroethane 75-34-3 VOC 0.000389235 0.0067 --(c) -- 1 -

1,1-Dichloroethene 75-35-4 VOC 0.000164225 0.012 --(c) - 1 --

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 --(c) - 1 --

1,2-Dichloroethane 107-06-2 VOC 0.000305426 0.0042 --(c) 9.10E-02 1 --

1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 0.042 -- (c) 5.40E-03 1 --

1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 -(c) 1.10E-02 1 --

2-Butanone 78-93-3 VOC 0.0029 0.00096 --(c) - 1 --

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 --(c) - 1 --

Acetone 67-64-1 VOC 0.00128316 0.000512 --(c) - 1 --

Aluminum 7429-90-5 - 0.041755539 0.001 1.71E-09 - 1 -

Arsenic 7440-38-2 -- 0.003060574 0.001 1.25E-10 1.50E+00 1 1.88E-10 100
Barium 7440-39-3 - 0.068082679 0.001 2.79E-09 -- 0.07 -

Benzene 71-43-2 VOC 0.0019 0.015 --(c) 5.5E-02 1 -

Benzyl alcohol 100-51-6 SVOC 0.0027 0.00209 --(c) - 1 --

Beryllium 7440-41-7 0.000360659 0.001 1.48E-11 - 0.007 --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 0.025 --(c) 1.40E-02 1 --

Cadmium 7440-43-9 0.0045 0.001 1.84E-10 -- 0.05 -

Carbon disulfide 75-15-0 VOC 0.00039 0.017 --(c) - 1 -

Carbon tetrachloride 56-23-5 VOC 0.000164414 0.016 --(c) 1.30E-01 1 -

Chloride 16887-00-6 - 9.821328 0.001 4.02E-07 - 1 -

Chlorobenzene 108-90-7 VOC 0.00041 0.028 --(c) - 1 -

Chloroform 67-66-3 VOC 0.00022061 0.0068 -(c) 3.10E-02 1 -

Chromium 7440-47-3 0.007505402 0.001 3.07E-10 -- 0.013 -

cis-1,2-Dichloroethylene 156-59-2 VOC 0.0002 0.0077 -(c) - 1 -

Copper 7440-50-8 0.002993571 0.001 1.23E-10 1 -

Fluoride 16984-48-8 0.32861624 0.001 1.35E-08 - 1 -

Iron 7439-89-6 0.47301923 0.001 1.94E-08 - 1 -

Lead 7439-92-1 0.000710361 0.0001 2.91E-12 - 1 --

Lithium 7439-93-2 0.0083 0.001 3.40E-10 - 1 -

Manganese 7439-96-5 0.011254937 0.001 4.61E-10 - 0.04 -

Methanol 67-56-1 1.1 0.00032 1.44E-08 - 1 -

Methylene chloride 75-09-2 VOC 0.000852962 0.0035 -(c) 7.50E-03 1 -

Molybdenum 7439-98-7 -- 0.0015 0.001 6.14E-11 - 1

Nickel 7440-02-0 0.003603478 0.0002 2.95E-11 - 0.04 -

Nitrate 14797-55-8 23.756902 0.001 9.72E-07 - 1 -

Nitrite 14797-65-0 -- 0.079227256 0.001 3.24E-09 -- 1 -

o-Xylene 95-47-6 VOC 0.000210551 0.054 -(c) -- 1 -

Silver 7440-22-4 0.005341496 0.0006 1.31E-10 - 0.04 --

Strontium 7440-24-6 0.36357229 0.001 1.49E-08 - 1 -

Sulfate 14808-79-8 45.069738 0.001 1.84E-06 -- - -

Tetrachloroethene 127-18-4 VOC 0.000993146 0.033 --(c) 5.40E-01 1 -

Toluene 108-88-3 VOC 0.000274725 0.031 --(c) - 1 -

Tributyl phosphate 126-73-8 SVOC 0.040836371 0.0228 --(c) 9.20E-03 1 -

Trichloroethene 79-01-6 VOC 0.000492361 0.012 -(c) 8.90E-02 1 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 -(c) 1 -

Uranium 7440-61-1 0.01625113 0.001 6.65E-10 - 1 -

Vanadium 7440-62-2 - 0.013487657 0.001 5.52E-10 - 1 -

Vinyl chloride 75-01-4 VOC 0.0018 0.0056 --(c) 7.20E-01 1 -

Zinc 7440-66-6 - 0.10896358 0.0006 2.68E-09 - 1 -

Total ELCR 1.88E-10 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics.)

Dermal Absorption of volaties is presented in table C-4
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

for cis-1,2-dichloroethyelene the chemical-specific inputs are assummed to be the same as trans-1,2-dichloroethylene

for (m+p) xylenes and o-xylene the chemical-specific inputs are assummed to be the same as m-xylene
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Port E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area -- CTUIR

Cancer risk from inhalation of volatile radioactive contaminants in sweat lodge vapor
Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)

Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake linh calculated pCi

Contaminant concentration in water Cd. contaminant-specific pCi/L
Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation rate' IR 25 m3/day
Length of sweat event ET 0.042 day/event (1hr/24hr)

Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr

a Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cw 95 UCL 'imh SFib Risk %

Far-Field Exposure Area Radioactive COPC CAS # Volatile?a (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution
Carbon-14 14762-75-5 15.2 --(c) 7.07E-12

Gross alpha 12587-46-1 - 5.9880167 --(c) -- -

Gross beta 12587-47-2 - 26.717649 --(c)
lodine-129 15046-84-1 1.7529182 --(c) 6.07E-11
Nickel-63 13981-37-8 7.66125 --(c) 1.64E-12 --

Protactinium-231 14331-85-2 -- 0.308 --(c) 4.55E-08 -

Strontium-90 10098-97-2 -- 0.611 --(c) 1.05E-10 -

Technetium-99 14133-76-7 -- 75.671084 --(c) 1.41E-11 -

Tritium 10028-17-8 Yes 497899.63 1.23E+10 5.62E-14 6.91E-04 100
Total ELCR 6.91E-04 100

a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).

b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of nonvolatile contaminants is presented in Table C-8
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R-92/003 Risk Assessment Guidancefor Superfund: Volume /-- Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area-- CTUIR

Cancer risk from inhalation of nonvolatile radioactive contaminants in sweathouse vapor
Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Inhalation intake lih calculated pCi

Contaminant concentration in water Cd. contaminant-specific pCi/L
Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Inhalation rate' IR 25 m3/day

Length of sweat event5  ET 0.042 day/event (1hr/24hr)
Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr

Molecular weight of water MWw 18 g/mole
Density of liquid water rhow 1000 g/L
Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m3)/gmole* K)

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Ca, 95 UCL linh SFI 5  Risk %

Far-Field Exposure Area Radioactive COPC CAS # Volatile?' (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution
Carbon-14 14762-75-5 15.2 6.44E+04 7.07E-12 4.55E-07 0.70
Gross alpha 12587-46-1 -- 5.9880167 2.54E+04 -- -

Gross beta 12587-47-2 26.717649 1.13E+05 - --

lodine-129 15046-84-1 - 1.7529182 7.43E+03 6.07E-11 4.51E-07 0.69
Nickel-63 13981-37-8 7.66125 3.25E+04 1.64E-12 5.32E-08 0.082
Protactinium-231 14331-85-2 -- 0.308 1.30E+03 4.55E-08 5.94E-05 91
Strontium-90 10098-97-2 0.611 2.59E+03 1.05E-10 2.72E-07 0.42
Technetium-99 14133-76-7 75.671084 3.21E+05 1.41E-11 4.52E-06 6.9
Tritium 10028-17-8 Yes 497899.63 --(c) 5.62E-14 -

Total ELCR 6.51E-05 100

' Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).
b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

'Inhalation of volatile contaminants in presented in table C-7
- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R-92/003 Risk Assessment Guidancefor Superfund: Volume / - Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (10-Year)--Summary of CTUIR Sweat Lodge Exposure Scenario Noncancer Hazard Results for Nonradioactive COPCs in Groundwater.

HQ (Inhalation) HQ (Dermal, Vapor, HQ (Dermal, Liquid, HQ (Dermal, Vapor,
COPC 95 UCL Groundwater VOC/SVOC? HQ (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total HI %

Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution

1,2,3,4,6,7,8-
Heptachlorodibenzodioxin 3.734E-09 - - - - -- -

1,2,3,4,6,7,8-
Heptachlorodibenzofuran 5.6E-09 - -

1,2,3,4,7,8-

Hexachlorodibenzofuran 2.9E-09 - -- - - -

1,2,3,6,7,8-

Hexachlorodibenzofuran 2.1E-09 - - - - -

1,2-Dichloroethane 0.00064 VOC 1.33E-05 - 3.30E-08 - 1.33E-05 2.88E-05

2,3,4,6-Tetrachlorophenol 0.0077 SVOC 4.47E-06 -- - 4.47E-06 9.70E-06

2-Methylphenol (cresol, o-) 0.0075 SVOC 6.22E-04 - 2.84E-07 1.49E-05 - 6.37E-04 0.0014
4-Nitrophenol 0.0072 SVOC - - 1.06E-06 2.96E-02 - 2.96E-02 0.064
Aluminum 0.11217909 - - 1.91E-01 2.06E-03 3.38E-07 1.94E-01 0.42
Arsenic 0.005765062 - 3.28E+00 -- 1.06E-01 1.74E-05 3.39E+00 7.3
Barium 0.052626075 - - 8.98E-01 - - 1.11E-07 8.98E-01 1.9

Beryllium 0.00034431 1.47E-01 -- 3.54E-03 5.80E-07 1.50E-01 0.33

Bis(2-ethylhexyl) phthalate 0.011 SVOC - - 3.38E-06 - - 3.38E-06 7.32E-06

Cadmium 0.018 - -- 1.54E+01 - -- 1.54E+01 33

Carbon tetrachloride 0.0018 VOC 4.71E-04 1.01E-05 - 4.81E-04 0.0010
Chloride 11.439962 - - - - 1.51E-01 2.47E-05 1.51E-01 0.33
Chloroform 0.00038106 VOC 1.93E-04 - 6.36E-08 2.22E-03 - 2.41E-03 0.0052
Chromium 0.015609389 - - 1.00E-04 1.64E-08 1.OOE-04 2.18E-04

Cobalt 0.004378857 - - 6.23E+00 -- 7.51E-06 1.23E-09 6.23E+00 14

Copper 0.004482187 - -- - 1.54E-02 2.52E-06 1.54E-02 0.033
Dinoseb(2-secButyl-4,6-
dinitrophenol) 0.005506461 SVOC - 2.20E-05 3.30E-05 5.50E-05 1.19E-04
Fluoride 0.31715504 - 2.08E-01 - - - 2.08E-01 0.45
Hexavalent Chromium 0.191 - - 1.63E+01 - 1.02E-01 1.68E-05 1.64E+01 36
Iron 0.14355212 - -- -- 0.OOE+00 --

Lead 0.00142074 ---- 0.OOE+GO --

Manganese 0.009635007 - 1.64E+00 - 0.00E+00 - 1.64E+00 3.6

Nickel 0.010760715 --- 1.02E+00 - 6.92E-04 1.13E-07 1.02E+00 2.2
Nitrate 31.205071 --- 1.13E-03 1.85E-07 1.13E-03 0.0025
Nitrite 0.034429846 - - -2.95E-05 4.84E-09 2.95E-05 6.40E-05

Nitrogen in Nitrite and

Nitrate 14.7 - - - - 2.36E-03 3.87E-07 2.36E-03 0.0051

Octachlorodibenzofuran 9.9649E-09 -- - - -

Octachlorodibenzo-p-dioxin 5.6857E-09 - - - -- - -

Silver 0.005650889 - - 4.36E-03 7.14E-07 4.36E-03 0.0095
Strontium 0.26495344 - - - 1.14E-04 1.86E-08 1.14E-04 2.46E-04

Sulfate 56.164035 - - - -- - -

Toluene 0.000065 VOC 6.47E-07 - 6.18E-09 -- - 6.53E-07 1.42E-06
Total petroleum

hydrocarbons - gasoline
range 0.05 - -- - - - - -

Trichloroethene 0.000570461 VOC 8.11E-04 - -- - 8.11E-04 0.0018
Uranium 0.014879201 -- -- 4.23E-01 1.28E-03 2.09E-07 4.25E-01 0.92
Vanadium 0.021937779 - - - - 1.13E-03 1.85E-07 1.13E-03 0.0024
Zinc 0.092316084 - - - 4.75E-05 7.78E-09 4.75E-05 1.03E-04
Total 2.11E-03 45.70 4.14E-05 0.42 0.000 46.13 100
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
HQ = hazard quotient.
HI = hazard index.

SVOC = semivolatile organic compound.
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VOC = volatile organic compound.
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200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (10-Year)-Summary of CTUIR Sweat Lodge Exposure Scenario Cancer Risk Results for Nonradioactive COPCs in Groundwater.
Risk (Inhalation) Risk (Dermal, Vapor, Risk (Dermal, Liquid, Risk (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? Risk (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total Risk %
Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution

1,2,3,4,6,7,8-
Heptachlorodibenzodioxin 3.734E-09 - -- 1.18E-08 1.18E-08 9.40E-06

1,2,3,4,6,7,8-
Heptachlorodibenzofuran 5.6E-09 - 1.76E-08 - 2.64E-06 4.32E-10 2.65E-06 0.0021

1,2,3,4,7,8-
Hexachlorodibenzofuran 2.9E-09 - 9.14E-08 - 2.12E-05 3.47E-09 2.13E-05 0.017

1,2,3,6,7,8-
Hexachlorodibenzofuran 2.1E-09 - - 6.62E-08 - 1.53E-05 2.51E-09 1.54E-05 0.012
1,2-Dichloroethane 0.00064 VOC 8.04E-07 5.83E-11 - 8.04E-07 6.42E-04

2,3,4,6-Tetrachlorophenol 0.0077 5VOC - - - - - -

2-Methylphenol (cresol, o-) 0.0075 SVOC - - - -

4-Nitrophenol 0.0072 SVOC - - - - -

Aluminum 0.11217909 - - - - - -

Arsenic 0.005765062 - - 2.06E-04 - 2.16E-06 3.54E-10 2.08E-04 0.17
Barium 0.052626075 - - - - - -

Beryllium 0.00034431 -- 6.85E-06 -- -- 6.85E-06 0.0055

Bis(2-ethylhexyl) phthalate 0.011 5VOC 1.28E-06 9.18E-10 - - 1.28E-06 0.0010
Cadmium 0.018 -- - 0.OE+00 - - - -

Carbon tetrachloride 0.0018 VOC 1.30E-06 0.OOE+00 8.93E-10 - - 1.31E-06 0.0010
Chloride 11.439962 - - - - - -

Chloroform 0.00038106 VOC 4.23E-07 7.27E-08 1.92E-11 - - 4.96E-07 3.96E-04
Chromium 0.015609389 - - - - - -

Cobalt 0.004378857 3.27E-04 - -- 3.27E-04 0.26
Copper 0.004482187 - - - - -

Dinoseb(2-secButyl-4,6-
dinitrophenol) 0.005506461 SVOC - - - -

Fluoride 0.31715504 - - - -

Hexavalent Chromium 0.191 - - 1.25E-01 - -- 1.25E-01 100

Iron 0.14355212 - - - -

Lead 0.00142074 - - - -

Manganese 0.009635007 - - - - - -

Nickel 0.010760715 - 2.32E-05 - 2.32E-05 0.019
Nitrate 31.205071 - - - - -

Nitrite 0.034429846 - - - - -

Nitrogen in Nitrite and
Nitrate 14.7 - - - - - -

Octachlorodibenzofuran 9.9649E-09 - - 9.42E-10 - 2.55E-07 4.18E-11 2.56E-07 2.05E-04

Octachlorodibenzo-p-dioxin 5.6857E-09 - - 5.37E-10 - 6.43E-08 1.05E-11 6.48E-08 5.18E-05
Silver 0.005650889 - - - - - - -

Strontium 0.26495344 - -- - - - -

Sulfate 56.164035 - - - - - -

Toluene 0.000065 VOC - - - - -

Total petroleum
hydrocarbons - gasoline
range 0.05 - - - - -

Trichloroethene 0.000570461 VOC 6.89E-07 1.4SE-10 - - 6.89E-07 5.51E-04
Uranium 0.014879201 - - - -- -

Vanadium 0.021937779 - - -- - -- -

Zinc 0.092316084 - - - - -

Total ELCR 4.50E-06 1.25E-01 2.03E-09 4.16E-05 6.82E-09 1.25E-01 100
- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (10-Year)-Summary of CTUIR Sweat Lodge Exposure Scenario Cancer Risk Results for Radioactive COPCs in Groundwater.
Risk (inhalation)

COPC 95 UCL Groundwater Volatile?a Risk (Inhalation) (Volatiles) (Nonvolatiles) Risk (Dermal) Total Risk %
Concentration (pCi/L) (unitless) (unitless) (unitless) (unitless) Contribution

Gross alpha 4.8703439 No - - - -

odine-129 3.1689247 No - 8.15E-07 - 8.15E-07 0.20
Plutonium-239/240 0.029 No - 4.09E-06 - 4.09E-06 1.0
Protactinium-231 0.28 No - 5.40E-05 - 5.40E-05 13
Strontium-90 4.5802399 No - 2.04E-06 - 2.04E-06 0.49
Technetium-99 1567.7398 No - 9.36E-05 - 9.36E-05 22
Tritium 192557.5 Yes 2.67E-04 - - 2.67E-04 64

Total ELCR 2.67E-04 1.S5E-04 - 4.17E-04 100
a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.
- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)-Near-field exposure area -- CTUIR

Hazard quotient and cancer risk from inhalation of VOCs/SVOCs in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Inhalation intake ',n calculated mg/kg-day

Contaminant concentration in water C, contaminant-specific mg/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation ratea IR 25 m3/day
Length of sweat event ET 0.042 day/event (1hr/24hr)

Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr
Conversion factor CF 365 day/yr

' Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cd 95 UCL lan(non-cancer) RfCia RfDi 5  HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?' (mg/L) (mg/kg-day) (mg/m) (mg/kg-day) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 -- 3.734E-09 --(c) -- -- --

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 -- 5.6E-09 --(c) -- --

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 - 2.9E-09 --(c) - -

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 -- 2.1E-09 --(c) - -

1,2-Dichloroethane 107-06-2 VOC 0.00064 9.09E-06 2.40E+00 6.86E-01 1.33E-05 0.63
2,3,4,6-Tetrachlorophenol 58-90-2 SVOC 0.0077 1.09E-04 -

2-Methylphenol (cresol, a-) 95-48-7 SVOC 0.0075 1.07E-04 6.OOE-01 1.71E-01 6.22E-04 29
4-Nitrophenol 100-02-7 SVOC 0.0072 1.02E-04 - --

Aluminum 7429-90-5 - 0.11217909 --(c) 5.OOE-03 1.43E-03 -

Arsenic 7440-38-2 - 0.005765062 --(c) 1.50E-05 4.29E-06 -

Barium 7440-39-3 - 0.052626075 --(c) 5.00E-04 1.43E-04 --

Beryllium 7440-41-7 - 0.00034431 --(c) 2.OOE-05 5.71E-06 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 1.56E-04 - -

Cadmium 7440-43-9 - 0.018 --(c) 1.OOE-05 2.86E-06 -

Carbon tetrachloride 56-23-5 VOC 0.0018 2.56E-05 1.90E-01 5.43E-02 4.71E-04 22
Chloride 16887-00-6 - 11.439962 --(c) -- -

Chloroform 67-66-3 VOC 0.00038106 5.41E-06 9.80E-02 2.80E-02 1.93E-04 9.2
Chromium 7440-47-3 - 0.015609389 --(c) - -

Cobalt 7440-48-4 -- 0.004378857 --(c) 6.OOE-06 1.71E-06 --

Copper 7440-50-8 - 0.004482187 --(c) - - -

Dinoseb(2-secButyl-4,6-dinitrophenol) 88-85-7 SVOC 0.005506461 7.82E-05 - -- --

Fluoride 16984-48-8 -- 0.31715504 --(c) 1.30E-02 3.71E-03 -

Hexavalent Chromium 18540-29-9 - 0.191 --(c) 1.00E-04 2.86E-05 -

Iron 7439-89-6 - 0.14355212 --(c) - - -

Lead 7439-92-1 - 0.00142074 --(c) - -

Manganese 7439-96-5 - 0.009635007 --(c) 5.OOE-05 1.43E-05 --

Nickel 7440-02-0 - 0.010760715 --(c) 9.00E-05 2.57E-05 --

Nitrate 14797-55-8 - 31.205071 --(c) --

Nitrite 14797-65-0 - 0.034429846 --(c) - -- -

Nitrogen in Nitrite and Nitrate N02+NO3-N -- 14.7 --(c) - - -

Octachlorodibenzofuran 39001-02-0 - 9.9649E-09 --(c) - - -

Octachlorodibenzo-p-dioxin 3268-87-9 - 5.6857E-09 --(c) - -- --

Silver 7440-22-4 -- 0.005650889 --(c) - -- --

Strontium 7440-24-6 - 0.26495344 --(c) - - --
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Sulfate 14808-79-8 - 56.164035 --(c) - --

Toluene 108-88-3 VOC 0.000065 9.24E-07 5.OOE+00 1.43E+00 6.47E-07 0.031
Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 --(c) -- -

Trichloroethene 79-01-6 VOC 0.000570461 8.11E-06 3.50E-02 1.00E-02 8.11E-04 38
Uranium 7440-61-1 -- 0.014879201 --(c) 3.00E-04 8.57E-05 -

Vanadium 7440-62-2 -- 0.021937779 --(c) - -- -

Zinc 7440-66-6 - 0.092316084 --(c) -- -2 -1

Total 2.11E-03 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

cInhalation of nonvolatile chemicals is presented in Table C-11
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways .
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL lih(cancer) IUR SFi Risk %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (ig/m')" (kg-day/mg) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 - 3.734E-09 --(c) 3.80E-01 1.33E+03 -

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 - 5.6E-09 --(c) 3.80E-01 1.33E+03 -

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 - 2.9E-09 --(c) 3.80E+00 1.33E+04 -

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 - 2.1E-09 --(c) 3.80E+00 1.33E+04 -

1,2-Dichloroethane 107-06-2 VOC 0.00064 8.83E-06 2.60E-05 9.10E-02 8.04E-07 18
2,3,4,6-Tetrachlorophenol 58-90-2 SVOC 0.0077 1.06E-04- -

2-Methylphenol (cresol, o-) 95-48-7 SVOC 0.0075 1.04E-04 -- - -

4-Nitrophenol 100-02-7 SVOC 0.0072 9.94E-05 -- - -

Aluminum 7429-90-5 - 0.11217909 --(c) - - -

Arsenic 7440-38-2 - 0.005765062 --(c) 4.30E-03 1.51E+01 -

Barium 7440-39-3 - 0.052626075 --(c) - --

Beryllium 7440-41-7 -- 0.00034431 --(c) 2.40E-03 8.40E+00 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 1.52E-04 2.40E-06 8.40E-03 1.28E-06 28
Cadmium 7440-43-9 - 0.018 --(c) 1.80E-03 6.30E+00 -

Carbon tetrachloride 56-23-5 VOC 0.0018 2.48E-05 1.50E-05 5.25E-02 1.30E-06 29
Chloride 16887-00-6 - 11.439962 --(c) - -

Chloroform 67-66-3 VOC 0.00038106 5.26E-06 2.30E-05 8.05E-02 4.23E-07 9.4
Chromium 7440-47-3 -- 0.015609389 --(c) - - -

Cobalt 7440-48-4 - 0.004378857 --(c) 9.OOE-03 3.15E+01 -

Copper 7440-50-8 0.004482187 --(c) - -- -

Dinoseb(2-secButyl-4,6-dinitrophenol) 88-85-7 SVOC 0.005506461 7.60E-05 - --

Fluoride 16984-48-8 - 0.31715504 --(c) -- -

Hexavalent Chromium 18540-29-9 0.191 --(c) 8.40E-02 2.94E+02 -

Iron 7439-89-6 - 0.14355212 --(c) - -

Lead 7439-92-1 - 0.00142074 --(c) - -

Manganese 7439-96-5 -- 0.009635007 --(c) -- - -

Nickel 7440-02-0 - 0.010760715 --(c) 2.60E-04 9.10E-01 -

Nitrate 14797-55-8 - 31.205071 --(c)- --

Nitrite 14797-65-0 0.034429846 -- (c) -- -

Nitrogen in Nitrite and Nitrate N02+NO3-N 14.7 -- (c) - -

Octachlorodibenzofuran 39001-02-0 - 9.9649E-09 --(c) 1.14E-02 3.99E+01 -

Octachlorodibenzo-p-dioxin 3268-87-9 - 5.6857E-09 --(c) 1.14E-02 3.99E+01 -

Silver 7440-22-4 - 0.005650889 --(c) -

Strontium 7440-24-6 - 0.26495344 --(c) -- -

Sulfate 14808-79-8 - 56.164035 --(c) - -

Toluene 108-88-3 VOC 0.000065 8.97E-07 - - -

Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 --(c) - -

Trichloroethene 79-01-6 VOC 0.000570461 7.87E-06 2.50E-05 8.75E-02 6.89E-07 15

Uranium 7440-61-1 - 0.014879201 --(c) - - -

Vanadium 7440-62-2 - 0.021937779 --(c) - - -

Zinc 7440-66-6 1 0.092316084 --(c) - - -

Total ELCR ____4.50E-06 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

Inhalation of nonvolatile chemicals is presented in Table C-11
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1groundwater operable unit Native American Risk Assessment (10-Year)--Near-field exposure area -- CTUIR

Hazard quotient and cancer risk from inhalation of non-VOCs in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 2)

Cdw values taken from ECF-200P01-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake Iinh calculated mg/kg-day

Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m 3 )/gmole*K)

Inhalation ratea IR 25 m3/day
Length of sweat event ET 0.042 day/event (1hr/24hr)
Number of sweats per year EF 365 days/yr
Exposure duration ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion Factor CF 365 day/yr
Contaminant concentration Cdw contaminant-specific mg/L
Molecular weight of water MWw 18 g/mole
Density of liquid water rhow 1000 g/L

' Harris (2008)

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL ld(non-cancer) RfCia RfDih HQ

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (mg/kg-day) (mg/m 3) (mg/kg-day) (unitless)
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 - 3.734E-09 9.10E-12 - - -

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 - 5.6E-09 1.37E-11 -- -

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 -- 2.9E-09 7.07E-12 -- -- --

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 -- 2.1E-09 5.12E-12 -- - --

1,2-Dichloroethane 107-06-2 VOC 0.00064 --(c) 2.40E+00 6.86E-01 --

2,3,4,6-Tetrachlorophenol 58-90-2 SVOC 0.0077 --(c) -- -

2-Methylphenol (cresol, o-) 95-48-7 SVOC 0.0075 -(c) 6.OOE-01 1.71E-01 -

4-Nitrophenol 100-02-7 SVOC 0.0072 -(c) - -

Aluminum 7429-90-5 - 0.11217909 2.74E-04 5.OOE-03 1.43E-03 1.91E-01
Arsenic 7440-38-2 - 0.005765062 1.41E-05 1.50E-05 4.29E-06 3.28E+00
Barium 7440-39-3 0.052626075 1.28E-04 5.OOE-04 1.43E-04 8.98E-01
Beryllium 7440-41-7 -- 0.00034431 8.40E-07 2.OOE-05 5.71E-06 1.47E-01
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 -(c) - - -

Cadmium 7440-43-9 -- 0.018 4.39E-05 1.OOE-05 2.86E-06 1.54E+01
Carbon tetrachloride 56-23-5 VOC 0.0018 --(c) 1.90E-01 5.43E-02 -

Chloride 16887-00-6 - 11.439962 2.79E-02 -- -

Chloroform 67-66-3 VOC 0.00038106 --(c) 9.80E-02 2.80E-02 -

Chromium 7440-47-3 0.015609389 3.81E-05 --

Cobalt 7440-48-4 - 0.004378857 1.07E-05 6.OOE-06 1.71E-06 6.23E+00
Copper 7440-50-8 - 0.004482187 1.09E-05 - - --

Dinoseb(2-secButyl-4,6-dinitrophenol) 88-85-7 SVOC 0.005506461 --(c) - - --

Fluoride 16984-48-8 - 0.31715504 7.73E-04 1.30E-02 3.71E-03 2.08E-01
Hexavalent Chromium 18540-29-9 0.191 4.66E-04 1.OOE-04 2.86E-05 1.63E+01
Iron 7439-89-6 - 0.14355212 3.50E-04 - - --

Lead 7439-92-1 0.00142074 3.46E-06 - - --

Manganese 7439-96-5 0.009635007 2.35E-05 5.OE-05 1.43E-05 1.64E+00
Nickel 7440-02-0 0.010760715 2.62E-05 9.OOE-05 2.57E-05 1.02E+00
Nitrate 14797-55-8 31.205071 7.61E-02 - - --

Nitrite 14797-65-0 -- 0.034429846 8.40E-05 - -- --

Nitrogen in Nitrite and Nitrate N02+NO3-N -- 14.7 3.58E-02 - - --

Octachlorodibenzofuran 39001-02-0 -- 9.9649E-09 2.43E-11 - - -

Octachlorodibenzo-p-dioxin 3268-87-9 - 5.6857E-09 1.39E-11 - - -

Silver 7440-22-4 -- 0.005650889 1.38E-05 - - -

Strontium 7440-24-6 - 0.26495344 6.46E-04 - - --

Sulfate 14808-79-8 - 56.164035 1.37E-01 - -

Toluene 108-88-3 VOC 0.000065 -(c) 5.OOE+00 1.43E+00 -

Total petroleum hydrocarbons - gasoline range TPHGASOLINE -- 0.05 1.22E-04 - --

Trichloroethene 79-01-6 VOC 0.000570461 -(c) 3.50E-02 1.OOE-02 -

Uranium 7440-61-1 0.014879201 3.63E-05 3.OOE-04 8.57E-05 4.23E-01
Vanadium 7440-62-2 - 0.021937779 5.35E-05 -- -

Zinc 7440-66-6 -- 0.092316084 2.25E-04 - --

Total 45.7
a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1

Inhalation of volatile compounds in vapor is presented in Table C-10
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL ldI(cancer) IUR' SFib Risk

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (ig/m3 -
1  (kg-day/mg) (unitless)

1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 -- 3.734E-09 8.84E-12 3.80E-01 1.33E+03 1.18E-08

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 5.6E-09 1.33E-11 3.80E-01 1.33E+03 1.76E-08

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 2.9E-09 6.87E-12 3.80E+00 1.33E+04 9.14E-08

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 2.1E-09 4.97E-12 3.80E+00 1.33E+04 6.62E-08

1,2-Dichloroethane 107-06-2 VOC 0.00064 --(c) 2.60E-05 9.10E-02 --

2,3,4,6-Tetrachlorophenol 58-90-2 SVOC 0.0077 --(c) - - --

2-Methylphenol (cresol, o-) 95-48-7 SVOC 0.0075 1.78E-05 - - --

4-Nitrophenol 100-02-7 SVOC 0.0072 1.71E-05 -- -- --

Aluminum 7429-90-5 0.11217909 2.66E-04 --

Arsenic 7440-38-2 -- 0.005765062 1.37E-05 4.30E-03 1.51E+01 2.06E-04

Barium 7440-39-3 - 0.052626075 --(c) - -

Beryllium 7440-41-7 0.00034431 8.16E-07 2.40E-03 8.40E+00 6.85E-06

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 --(c) 2.40E-06 8.40E-03 --

Cadmium 7440-43-9 -- 0.018 1.80E-03 6.30E+00 0.OOE+00
Carbon tetrachloride 56-23-5 VOC 0.0018 1.50E-05 5.25E-02 0.OOE+00
Chloride 16887-00-6 -- 11.439962 - - -

Chloroform 67-66-3 VOC 0.00038106 9.03E-07 2.30E-05 8.05E-02 7.27E-08

Chromium 7440-47-3 -- 0.015609389 --(c) - -- --

Cobalt 7440-48-4 0.004378857 1.04E-05 9.OOE-03 3.15E+01 3.27E-04

Copper 7440-50-8 -- 0.004482187 1.06E-05 - -- --

Dinoseb(2-secButyl-4,6-dinitrophenol) 88-85-7 SVOC 0.005506461 1.30E-05 - - -

Fluoride 16984-48-8 - 0.31715504 7.51E-04 - -

Hexavalent Chromium 18540-29-9 0.191 4.52E-04 8.40E-02 2.94E+02 1.25E-01

Iron 7439-89-6 0.14355212 3.40E-04 - - -

Lead 7439-92-1 - 0.00142074 3.37E-06 - --

Manganese 7439-96-5 - 0.009635007 2.28E-05 -- - --

Nickel 7440-02-0 - 0.010760715 2.55E-05 2.60E-04 9.10E-01 2.32E-05

Nitrate 14797-55-8 -- 31.205071 7.39E-02 - -- -

Nitrite 14797-65-0 - 0.034429846 8.16E-05 - - -

Nitrogen in Nitrite and Nitrate N02+NO3-N -- 14.7 3.48E-02 -

Octachlorodibenzofuran 39001-02-0 - 9.9649E-09 2.36E-11 1.14E-02 3.99E+01 9.42E-10

Octachlorodibenzo-p-dioxin 3268-87-9 -- 5.6857E-09 1.35E-11 1.14E-02 3.99E+01 5.37E-10

Silver 7440-22-4 - 0.005650889 1.34E-05 - --

Strontium 7440-24-6 0.26495344 6.28E-04 - - -

Sulfate 14808-79-8 - 56.164035 1.33E-01 - --

Toluene 108-88-3 VOC 0.000065 --(c) - -- --

Total petroleum hydrocarbons - gasoline range TPHGASOLINE -- 0.05 1.18E-04 - -

Trichloroethene 79-01-6 VOC 0.000570461 --(c) 2.50E-05 8.75E-02 -

Uranium 7440-61-1 0.014879201 3.52E-05 - - -

Vanadium 7440-62-2 -- 0.021937779 5.20E-05 - - -

Zinc 7440-66-6 0.092316084 2.19E-04 -- -

Total ELCR 1.25E-01

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (u

Inhalation of volatile compounds in vapor is presented in Table C-10

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.

VOC = volatile organice compound.
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Contribution
9.40E-06

1.41E-05

7.30E-05
5.29E-05

0.16

0.0055

0
0

5.81E-05

0.26

100

0.019

7.53E-07
4.30E-07

100

ug/mg).
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200-PO-1groundwater operable unit Native American Risk Assessment (10-Year)--Near-field exposure area -- CTUIR

Hazard quotient and cancer risk from dermal exposure to VOCs/SVOCs in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water (Id,I)
can be neglected and total dermal intake (ldtotal)is equal to dermal intake from VOCs/SVOCs in sweat lodge vapor (ld,v)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 3)
Cdw values taken from ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Dermal absorption intake from vapor la. calculated mg/kg-day
Contaminant concentration in water Cdw contaminant-specific mg/L
Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Body surface area available for contact SA 1.8 m2

Permeability constant Kp contaminant-specific cm/hr
Length of sweat event ET 1 hr/event
Number of sweats per year EF 365 events/yr
Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF1 0.01 m/cm
Conversion factor CF2 365 day/yr

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit Cd 95 UCL Kpb l,,(non-cancer) RfDo' GIABS' HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxind 35822-46-9 - 3.734E-09 --(c) - 1 -

1,2,3,4,6,7,8-Heptachlorodibenzofuran' 67562-39-4 - 5.6E-09 1.45 --(c) - 1 --

1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 - 2.9E-09 2.25 --(c) 1 -

1,2,3,6,7,8-Hexachlorodibenzofuran' 57117-44-9 - 2.1E-09 2.25 --(c) - 1 -
1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 6.60E-10 2.OOE-02 1 3.30E-08 0.080
2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 1.34E-07 3.OOE-02 1 4.47E-06 11
2-Methylphenol (cresol, o-) 95-48-7 SVOC 0.0075 0.0077 1.42E-08 5.OOE-02 1 2.84E-07 0.68
4-Nitrophenol 100-02-7 SVOC 0.0072 0.0048 8.49E-09 8.OOE-03 1 1.06E-06 2.6
Aluminum 7429-90-5 - 0.11217909 0.001 --(c) 1.OOE+00 1
Arsenic 7440-38-2 0.005765062 0.001 --(c) 3.OOE-04 1 -

Barium 7440-39-3 - 0.052626075 0.001 --(c) 2.OOE-01 0.07 --

Beryllium 7440-41-7 - 0.00034431 0.001 --(c) 2.OOE-03 0.007 --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 6.75E-08 2.OOE-02 1 3.38E-06 8.1
Cadmium 7440-43-9 - 0.018 0.001 --(c) 5.00E-04 0.05 -

Carbon tetrachloride 56-23-5 VOC 0.0018 0.016 7.07E-09 7.00E-04 1 1.01E-05 24
Chloride 16887-00-6 - 11.439962 0.001 --(c) - 1 -

Chloroform 67-66-3 VOC 0.00038106 0.0068 6.36E-10 1.00E-02 1 6.36E-08 0.15
Chromium 7440-47-3 - 0.015609389 0.001 --(c) 1.50E+00 0.013 -

Cobalt 7440-48-4 - 0.004378857 0.0004 --(c) 3.OOE-04 1 -

Copper 7440-50-8 - 0.004482187 0.001 --(c) 4.OOE-02 1 -

Dinoseb(2-secButyl-4,6-dinitrophenol) d88-85-7 SVOC 0.005506461 0.0163 2.20E-08 1.00E-03 1 2.20E-05 53
Fluoride 16984-48-8 - 0.31715504 0.001 --(c) 6.OOE-02 1
Hexavalent Chromium 18540-29-9 - 0.191 0.002 --(c) 3.OOE-03 0.025
Iron 7439-89-6 -- 0.14355212 0.001 --(c) 7.00E-01 1 -

Lead 7439-92-1 - 0.00142074 0.0001 --(c) - 1 -

Manganese 7439-96-5 0.009635007 0.001 --(c) 2.40E-02 0.04 -

Nickel 7440-02-0 - 0.010760715 0.0002 --(c) 2.00E-02 0.04 -

Nitrate 14797-55-8 - 31.205071 0.001 --(c) 7.10E+00 1 --

Nitrite 14797-65-0 -- 0.034429846 0.001 --(c) 3.OOE-01 1 -

Nitrogen in Nitrite and Nitrate NO2+NO3-N - 14.7 0.001 --(c) 1.60E+00 1 -

Octachlorodibenzofurana 39001-02-0 - 9.9649E-09 2.63 --(c) -- 1
Octachlorodibenzo-p-dioxind 3268-87-9 -- 5.6857E-09 1.16 --(c) - 1
Silver 7440-22-4 - 0.005650889 0.0006 --(c) 5.00E-03 0.04
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Strontium 7440-24-6 - 0.26495344 0.001 -(c) 6.OOE-01 1 --

Sulfate 14808-79-8 -- 56.164035 0.001 --(c) - - -

Toluene 108-88-3 VOC 0.000065 0.031 4.95E-10 8.OOE-02 1 6.18E-09 0.015
Total petroleum hydrocarbons - gasoline range TPHGASOLINE -- 0.05 -- --(c) -- -

Trichloroethene 79-01-6 VOC 0.000570461 0.012 1.68E-09 - 1
Uranium 7440-61-1 - 0.014879201 0.001 --(c) 3.OOE-03 1 --

Vanadium 7440-62-2 - 0.021937779 0.001 --(c) 5.OOE-03 1 --

Zinc 7440-66-6 - 0.092316084 0.0006 --(c) 3.OOE-01 1 --

Total 4.14E-05 100
a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/Generic_.Tables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Dermal absorption of nonvolatile chemicals in sweat lodge vapor is presented in Table C-14

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cdw95UCL Kp Id,,(cancer) CSFo' GIABSa Risk %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)-
1  (unitless) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxind 35822-46-9 - 3.734E-09 - --(c) 1.30E+03 1 --

1,2,3,4,6,7,8-Heptachlorodibenzofurand 67562-39-4 -- 5.6E-09 1.45 --(c) 1.30E+03 1

1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 -- 2.9E-09 2.25 -(c) 1.30E+04 1

1,2,3,6,7,8-Hexachlorodibenzofurand 57117-44-9 - 2.1E-09 2.25 --(c) 1.30E+04 1 -

1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 6.41E-10 9.10E-02 1 5.83E-11 2.9

2,3,4,6-Tetrachiorophenold 58-90-2 SVOC 0.0077 0.071 1.30E-07 -- 1 -

2-Methylphenol (cresol, o-) 95-48-7 SVOC 0.0075 0.0077 1.38E-08 - 1 --

4-Nitrophenol 100-02-7 SVOC 0.0072 0.0048 8.24E-09 -- 1 -

Aluminum 7429-90-5 -- 0.11217909 0.001 --(c) 1 --

Arsenic 7440-38-2 - 0.005765062 0.001 --(c) 1.50E+00 1 --

Barium 7440-39-3 - 0.052626075 0.001 --(c) - 0.07 -

Beryllium 7440-41-7 -- 0.00034431 0.001 --(c) - 0.007 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 6.56E-08 1.40E-02 1 9.18E-10 45

Cadmium 7440-43-9 - 0.018 0.001 --(c) - 0.05 -

Carbon tetrachloride 56-23-5 VOC 0.0018 0.016 6.87E-09 1.30E-01 1 8.93E-10 44

Chloride 16887-00-6 - 11.439962 0.001 --(c) - 1 -

Chloroform 67-66-3 VOC 0.00038106 0.0068 6.18E-10 3.10E-02 1 1.92E-11 0.94

Chromium 7440-47-3 - 0.015609389 0.001 --(c) - 0.013 -

Cobalt 7440-48-4 - 0.004378857 0.0004 --(c) -- 1 --

Copper 7440-50-8 -- 0.004482187 0.001 --(c) - 1 -

Dinoseb(2-secButyl-4,6-dinitrophenol)' 88-85-7 SVOC 0.005506461 0.0163 2.14E-08 - 1 -

Fluoride 16984-48-8 - 0.31715504 0.001 --(c) - 1 --

Hexavalent Chromium 18540-29-9 -- 0.191 0.002 --(c) - 0.025 -

Iron 7439-89-6 - 0.14355212 0.001 --(c) -- 1 -

Lead 7439-92-1 - 0.00142074 0.0001 --(c) -- 1
Manganese 7439-96-5 -- 0.009635007 0.001 --(c) -- 0.04 -

Nickel 7440-02-0 -- 0.010760715 0.0002 --(c) -- 0.04 --

Nitrate 14797-55-8 -- 31.205071 0.001 --(c) - 1 -

Nitrite 14797-65-0 0.034429846 0.001 --(c) - 1 -

Nitrogen in Nitrite and Nitrate N02+NO3-N 14.7 0.001 --(c) -- 1 -

Octachlorodibenzofuran' 39001-02-0 9.9649E-09 2.63 --(c) 3.90E+01 1 -

Octachloroaibenzo-p-dioxind 3268-87-9 - 5.6857E-09 1.16 --(c) 3.90E+01 1 -

Silver 7440-22-4 - 0.005650889 0.0006 --(c) - 0.04 --

Strontium 7440-24-6 - 0.26495344 0.001 --(c) - 1 -

Sulfate 14808-79-8 -- 56.164035 0.001 --(c) - - -

Toluene 108-88-3 VOC 0.000065 0.031 4.81E-10 - 1 -

Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 -- --(c) - - -

Trichloroethene 79-01-6 VOC 0.000570461 0.012 1.63E-09 8.90E-02 1 1.45E-10 7.1

Uranium 7440-61-1 - 0.014879201 0.001 --(c) -- 1 -

Vanadium 7440-62-2 -- 0.021937779 0.001 --(c) -- 1 -

Zinc 7440-66-6 - 0.092316084 0.0006 --(c) -- 1

Total ELCR 2.03E-09 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics ).

' Dermal absorption of nonvolatile chemicals in sweat lodge vapor is presented in Table C-14

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
E PA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).

Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Near-field exposure area-- CTUIR

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge condensed water

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4)
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
Model assumes concentration of nonvolatiles in condensed water is equal to concentration in water used to create steam

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4)
Cdw values taken from ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Dermal absorption intake from liquid 1d, calculated mg/kg-day
Contaminant concentration in water Cdw contaminant-specific mg/L

Body surface area available for contact SA 1.8 M2
Permeability constant Kp contaminant-specific cm/hr
Length of sweat event ET 1 hr/event

Number of sweats per year EF 365 events/yr
Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF2 365 day/yr

Conversion factor CF3 10 L/m 2 cm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cdw 95 UCL Kpb Idl(non-cancer) RfDoa GIABSa HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxind 35822-46-9-3.734E-09-1

1,2,3,4,6,7,8-Heptachlorodibenzofurand 67562-39-4 - 5.6E-09 1.45 2.09E-09 -- 1

1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 - 2.9E-09 2.25 1.68E-09 -- 1 -

1,2,3,6,7,8-Hexachlorodibenzofurand 57117-44-9 - 2.1E-09 2.25 1.22E-09 1 -

1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 --(c) 2.00E-02 1

2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071. --(c) 3.OOE-02 1 --

2-Methylphenol (cresol, o-) 95-48-7 SVOC 0.0075 0.0077 1.49E-05 1.00E+00 1 1.49E-05 3.51E-03
4-Nitrophenol 100-02-7 SVOC 0.0072 0.0048 8.89E-06 3.00E-04 1 2.96E-02 7.00
Aluminum 7429-90-5 -- 0.11217909 0.001 2.88E-05 2.OOE-01 0.07 2.06E-03 0.487
Arsenic 7440-38-2 - 0.005765062 0.001 1.48E-06 2.OOE-03 0.007 1.06E-01 25.02
Barium 7440-39-3 - 0.052626075 0.001 --(c) 2.00E-02 1 --

Beryllium 7440-41-7 -- 0.00034431 0.001 8.85E-08 5.OOE-04 0.05 3.54E-03 0.8
Bis(2-ethyihexyl) phthalate 117-81-7 SVOC 0.011 0.025 --(c) 7.00E-04 1 -

Cadmium 7440-43-9 - 0.018 0.001 4.63E-06 - 1 -

Carbon tetrachloride 56-23-5 VOC 0.0018 0.016 -(c) 1.00E-02 1 --

Chloride 16887-00-6 - 11.439962 0.001 2.94E-03 1.50E+00 0.013 1.51E-01 35.649
Chloroform 67-66-3 VOC 0.00038106 0.0068 6.66E-07 3.00E-04 1 2.22E-03 0.52
Chromium 7440-47-3 -- 0.015609389 0.001 4.01E-06 4.OOE-02 1 1.00E-04 0.0237
Cobalt 7440-48-4 -- 0.004378857 0.0004 4.50E-07 6.OOE-02 1 7.51E-06 0.002
Copper 7440-50-8 -- 0.004482187 0.001 1.15E-06 3.OOE-03 0.025 1.54E-02 4

Dinoseb(2-secButyl-4,6-dinitrophenol)d 88-85-7 SVOC 0.005506461 0.0163 2.31E-05 7.OOE-01 1 3.30E-05 0.0078
Fluoride 16984-48-8 - 0.31715504 0.001 8.16E-05 - 1 -

Hexavalent Chromium 18540-29-9 - 0.191 0.002 9.82E-05 2.40E-02 0.04 1.02E-01 24.18
Iron 7439-89-6 -- 0.14355212 0.001 3.69E-05
Lead 7439-92-1 - 0.00142074 0.0001 3.65E-08
Manganese 7439-96-5 - 0.009635007 0.001 2.48E-06
Nickel 7440-02-0 - 0.010760715 0.0002 5.53E-07 2.00E-02 0.04 6.92E-04 0.163
Nitrate 14797-55-8 -- 31.205071 0.001 8.02E-03 7.10E+00 1 1.13E-03 0.267
Nitrite 14797-65-0 - 0.034429846 0.001 8.85E-06 3.OOE-01 1 2.95E-05 0.0070
Nitrogen in Nitrite and Nitrate N02+NO3-N - 14.7 0.001 3.78E-03 1.60E+00 1 2.36E-03 0.56

Octachlorodibenzofurand 39001-02-0 - 9.9649E-09 2.63 6.74E-09 1 -

Octachlorodibenzo-p-dioxind 3268-87-9 - .6857E-09 1.16 1.70E-09 - 1 -

Silver 7440-22-4 -- 0.005650889 0.0006 8.72E-07 5.OOE-03 0.04 4.36E-03 1.03
Strontium 7440-24-6 - 0.26495344 0.001 6.81E-05 6.00E-01 1 1.14E-04 0.0268
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Sulfate 14808-79-8 - 56.164035 0.001 1.44E-02 - -

Toluene 108-88-3 VOC 0.000065 0.031 --(c) 8.OOE-02 1
Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 - - - -

Trichloroethene 79-01-6 VOC 0.000570461 0.012 --(c) - 1 -

Uranium 7440-61-1 - 0.014879201 0.001 3.83E-06 3.OOE-03 1 1.28E-03 0.30
Vanadium 7440-62-2 - 0.021937779 0.001 5.64E-06 5.00E-03 1 1.13E-03 0.267
Zinc 7440-66-6 -- 0.092316084 0.0006 1.42E-05 3.OOE-01 1 4.75E-05 0.0112
Total 0.42 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (PartE, Supplemental Guidancefor Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cw95 UCL Kp ldI(cancer) CSFo' GIABSa Risk %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)' (unitless) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxind 35822-46-9 -- 3.734E-09 - -- 1.30E+03 1 -

1,2,3,4,6,7,8-Heptachlorodibenzofurand 67562-39-4 -- 5.6E-09 1.45 2.03E-09 1.30E+03 1 2.64E-06 6.3

1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 - 2.9E-09 2.25 1.63E-09 1.30E+04 1 2.12E-05 51

1,2,3,6,7,8-Hexachlorodibenzofurand 57117-44-9 -- 2.1E-09 2.25 1.18E-09 1.30E+04 1 1.53E-05 37
1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 --(c) 9.10E-02 1 -

2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 -(c) 1 -

2-Methyphenol (cresol, o-) 95-48-7 SVOC 0.0075 0.0077 --(c) -- 1 -

4-Nitrophenol 100-02-7 SVOC 0.0072 0.0048 --(c) - 1
Aluminum 7429-90-5 -- 0.11217909 0.001 2.80E-05 - 1
Arsenic 7440-38-2 -- 0.005765062 0.001 1.44E-06 1.50E+00 1 2.16E-06 5.2
Barium 7440-39-3 - 0.052626075 0.001 1.31E-05 - 0.07
Beryllium 7440-41-7 - 0.00034431 0.001 8.60E-08 - 0.007 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 --(c) 1.40E-02 1 --

Cadmium 7440-43-9 -- 0.018 0.001 4.50E-06 -- 0.05 -

Carbon tetrachloride 56-23-5 VOC 0.0018 0.016 --(c) 1.30E-01 1 -

Chloride 16887-00-6 - 11.439962 0.001 2.86E-03 - 1 --

Chloroform 67-66-3 VOC 0.00038106 0.0068 --(c) 3.10E-02 1 --

Chromium 7440-47-3 -- 0.015609389 0.001 3.90E-06 0.013 -

Cobalt 7440-48-4 - 0.004378857 0.0004 4.38E-07 -- 1 -

Copper 7440-50-8 -- 0.004482187 0.001 1.12E-06 1 --

Dinoseb(2-secButyl-4,6-dinitrophenol)d 88-85-7 SVOC 0.005506461 0.0163 --(c) - 1

Fluoride 16984-48-8 - 0.31715504 0.001 7.92E-05 - 1 -

Hexavalent Chromium 18540-29-9 - 0.191 0.002 9.54E-05 - 0.025 --

Iron 7439-89-6 - 0.14355212 0.001 3.59E-05 - 1 -

Lead 7439-92-1 - 0.00142074 0.0001 3.55E-08 -- 1 -

Manganese 7439-96-5 - 0.009635007 0.001 2.41E-06 - 0.04 -

Nickel 7440-02-0 - 0.010760715 0.0002 5.38E-07 0.04 -

Nitrate 14797-55-8 - 31.205071 0.001 7.79E-03 - 1 -

Nitrite 14797-65-0 - 0.034429846 0.001 8.60E-06 -- 1 --

Nitrogen in Nitrite and Nitrate N02+NO3-N - 14.7 0.001 3.67E-03 - 1 --

Octachlorodibenzofurand 39001-02-0 - 9.9649E-09 2.63 6.55E-09 3.90E+01 1 2.55E-07 0.61

Octachlorodibenzo-p-dioxind 3268-87-9 -- 5.6857E-09 1.16 1.65E-09 3.90E+01 1 6.43E-08 0.15

Silver 7440-22-4 - 0.005650889 0.0006 8.47E-07 - 0.04 -

Strontium 7440-24-6 - 0.26495344 0.001 6.62E-05 - 1 -

Sulfate 14808-79-8 - 56.164035 0.001 1.40E-02 -- - -

Toluene 108-88-3 VOC 0.000065 0.031 -(c) 1 -

Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 -- - - -

Trichloroethene 79-01-6 VOC 0.000570461 0.012 --(c) 8.90E-02 1 --

Uranium 7440-61-1 - 0.014879201 0.001 3.72E-06 - 1 --

Vanadium 7440-62-2 -- 0.021937779 0.001 5.48E-06 -- 1 -

Zinc 7440-66-6 -- 0.092316084 0.0006 1.38E-05 -- 1 -

Total ELCR 4.16E-05 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).
' Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.

Attachment G, Page G-43



ECF-200P01-09-2115 REV. 2

200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Near-field exposure area -- CTUIR

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4)

Cdw values taken from ECF-200P01-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from vapor l,,, calculated mg/kg-day

Body surface area available for contact SA 1.8 m
2

Permeability constant Kp contaminant-specific cm/hr
Length of sweat event ET 1 hr/day
Number of sweats per year EF 365 days/yr

Exposure duration ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Contaminant concentration Cdw contaminant-specific mg/L

Molecular weight of water MWw 18 g/mole
Ideal gas law constant R 62.37 (mmHg-L)/(gmole-K)
Temperature of the sweat lodge T 338.7 K
Density of liquid water rhow 1000 g/L
Conversion factor CF2  365 day/yr

Conversion factor CF3 10 L/m 2-cm

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit Ca, 95 UCL Kp 5  la,(non-cancer) RfDo' GIABS' HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxind 35822-46-9 3.734E-09 - - - 1 --

1,2,3,4,6,7,8-Heptachlorodibenzofurand 67562-39-4 -- 5.6E-09 1.45 3.42E-13 - 1 --

1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 - 2.9E-09 2.25 2.75E-13 -- 1 --

1,2,3,6,7,8-Hexachlorodibenzofurand 57117-44-9 - 2.1E-09 2.25 1.99E-13 - 1 -

1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 --(c) 2.OOE-02 1 --

2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 --(c) 3.OOE-02 1 --

2-Methylphenol (cresol, o-) 95-48-7 SVOC 0.0075 0.0077 --(c) 1.OOE+00 1 -

4-Nitrophenol 100-02-7 SVOC 0.0072 0.0048 --(c) 3.00E-04 1 --

Aluminum 7429-90-5 -- 0.11217909 0.001 4.73E-09 2.OOE-01 0.07 3.38E-07 0.53

Arsenic 7440-38-2 -- 0.005765062 0.001 2.43E-10 2.OOE-03 0.007 1.74E-05 27
Barium 7440-39-3 -- 0.052626075 0.001 2.22E-09 2.OOE-02 1 1.11E-07 0.17

Beryllium 7440-41-7 -- 0.00034431 0.001 1.45E-11 5.OOE-04 0.05 5.80E-07 0.90

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 --(c) 7.OOE-04 1 --

Cadmium 7440-43-9 -- 0.018 0.001 7.58E-10 -- 1 --

Carbon tetrachloride 56-23-5 VOC 0.0018 0.016 -(c 1.OOE-02 1 --

Chloride 16887-00-6 11.439962 0.001 4.82E-07 1.50E+00 0.013 2.47E-05 38

Chloroform 67-66-3 VOC 0.00038106 0.0068 --(c) 3.OOE-04 1 -

Chromium 7440-47-3 0.015609389 0.001 6.58E-10 4.OOE-02 1 1.64E-08 0.026

Cobalt 7440-48-4 - 0.004378857 0.0004 7.38E-11 6.OOE-02 1 1.23E-09 0.0019

Copper 7440-50-8 -- 0.004482187 0.001 1.89E-10 3.OOE-03 0.025 2.52E-06 3.9

Dinoseb(2-sec8utyl-4,6-dinitrophenoI)d 88-85-7 SVOC 0.005506461 0.0163 --(c) 7.OOE-01 1 --

Fluoride 16984-48-8 - 0.31715504 0.001 1.34E-08 - 1 -

Hexavalent Chromium 18540-29-9 -- 0.191 0.002 1.61E-08 2.40E-02 0.04 1.68E-05 26

Iron 7439-89-6 0.14355212 0.001 6.05E-09
Lead 7439-92-1 0.00142074 0.0001 5.99E-12
Manganese 7439-96-5 -- 0.009635007 0.001 4.06E-10 --

Nickel 7440-02-0 -- 0.010760715 0.0002 9.07E-11 2.OOE-02 0.04 1.13E-07 0.18

Nitrate 14797-55-8 -- 31.205071 0.001 1.31E-06 7.10E+00 1 1.85E-07 0.29

Nitrite 14797-65-0 -- 0.034429846 0.001 1.45E-09 3.OOE-01 1 4.84E-09 0.0075

Nitrogen in Nitrite and Nitrate N02+NO3-N -- . 14.7 0.001 6.19E-07 1.60E+00 1 3.87E-07 0.60

Octachlorodibenzofuran' 39001-02-0 - 9.9649E-09 2.63 1.10E-12 - 1 -

Octachlorodibenzo-p-dioxind 3268-87-9 5.6857E-09 1.16 2.78E-13 - 1 --

Silver 7440-22-4 - 0.005650889 0.0006 1.43E-10 5.OOE-03 0.04 7.14E-07 1.1

Strontium 7440-24-6 -- 0.26495344 0.001 1.12E-08 6.OOE-01 1 1.86E-08 0.029

Sulfate 14808-79-8 - 56.164035 0.001 2.37E-06 - -- -

Toluene 108-88-3 VOC 0.000065 0.031 --(c) 8.OOE-02 1 -

Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 - - - - -

Trichloroethene 79-01-6 VOC 0.000570461 0.012 --(c) - 1 -

Uranium 7440-61-1 - 0.014879201 0.001 6.27E-10 3.OOE-03 1 2.09E-07 0.33

Vanadium 7440-62-2 - 0.021937779 0.001 9.24E-10 5.OOE-03 1 1.85E-07 0.29

Zinc 7440-66-6 -- 0.092316084 0.0006 2.33E-09 3.OOE-01 1 7.78E-09 0.012
Total 6.423E-05 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

'Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL Kp Ia,,(cancer) CSFo' GIABS' Risk %

(mg/kg-day)^

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (unitless) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxind 35822-46-9 - 3.734E-09 -- - 1.30E+03 1 -

1,2,3,4,6,7,8-Heptachlorodibenzofurand 67562-39-4 -- 5.6E-09 1.45 3.32E-13 1.30E+03 1 4.32E-10 6.3

1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 -- 2.9E-09 2.25 2.67E-13 1.30E+04 1 3.47E-09 51

1,2,3,6,7,8-Hexachiorodibenzofurand 57117-44-9 2.1E-09 2.25 1.93E-13 1.30E+04 1 2.51E-09 37
1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 --(c) 9.10E-02 1 -

2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 --(c) -- 1 -

2-Methyphenol (cresol, o-) 95-48-7 SVOC 0.0075 0.0077 --(c) -- 1 -

4-Nitrophenol 100-02-7 SVOC 0.0072 0.0048 --(c) -- 1 --

Aluminum 7429-90-5 0.11217909 0.001 4.59E-09 - 1 -

Arsenic 7440-38-2 0.005765062 0.001 2.36E-10 1.50E+00 1 3.54E-10 5.2
Barium 7440-39-3 - 0.052626075 0.001 2.15E-09 - 0.07 -

Beryllium 7440-41-7 0.00034431 0.001 1.41E-11 - 0.007 --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 --(c) 1.40E-02 1 --

Cadmium 7440-43-9 0.018 0.001 7.37E-10 - 0.05 -

Carbon tetrachloride 56-23-5 VOC 0.0018 0.016 --(c) 1.30E-01 1 -

Chloride 16887-00-6 -- 11.439962 0.001 4.68E-07 -- 1 --

Chloroform 67-66-3 VOC 0.00038106 0.0068 --(c) 3.10E-02 1 -

Chromium 7440-47-3 - 0.015609389 0.001 6.39E-10 -- 0.013 --

Cobalt 7440-48-4 - 0.004378857 0.0004 7.17E-11 -- 1 --

Copper 7440-50-8 - 0.004482187 0.001 1.83E-10 -- 1 -

Dinoseb(2-secButyl-4,6-dinitrophenol)d 88-85-7 SVOC 0.005506461 0.0163 --(c) -- 1 --

Fluoride 16984-48-8 - 0.31715504 0.001 1.30E-08 - 1 -

Hexavalent Chromium 18540-29-9 - 0.191 0.002 1.56E-08 - 0.025 -

Iron 7439-89-6 - 0.14355212 0.001 5.88E-09 - 1 -

Lead 7439-92-1 - 0.00142074 0.0001 5.82E-12 - 1 --

Manganese 7439-96-5 - 0.009635007 0.001 3.94E-10 - 0.04 -

Nickel 7440-02-0 -- 0.010760715 0.0002 8.81E-11 - 0.04 -

Nitrate 14797-55-8 31.205071 0.001 1.28E-06 - 1 -

Nitrite 14797-65-0 - 0.034429846 0.001 1.41E-09 - 1 -

Nitrogen in Nitrite and Nitrate NO2+NO3-N - 14.7 0.001 6.02E-07 - 1 -

Octachlorodibenzofurand 39001-02-0 9.9649E-09 2.63 1.07E-12 3.90E+01 1 4.18E-11 0.61

Octachlorodibenzo-p-dioxin' 3268-87-9 - 5.6857E-09 1.16 2.70E-13 3.90E+01 1 1.05E-11 0.15
Silver 7440-22-4 - 0.005650889 0.0006 1.39E-10 - 0.04 -

Strontium 7440-24-6 0.26495344 0.001 1.08E-08 - 1 -

Sulfate 14808-79-8 56.164035 0.001 2.30E-06 - - -

Toluene 108-88-3 VOC 0.000065 0.031 --(c) - 1 -

Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 - - -

Trichloroethene 79-01-6 VOC 0.000570461 0.012 -(c) 8.90E-02 1 -

Uranium 7440-61-1 - 0.014879201 0.001 6.09E-10 -- 1 -

Vanadium 7440-62-2 - 0.021937779 0.001 8.98E-10 -- 1 -

Zinc 7440-66-6 1 0.092316084 0.0006 2.27E-09 -- 1 --

Total ELCR 6.82E-09 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
E PA/540/R//99/005 Risk Assessment GuidanceforSuperfund Volumek: Human Health Evaluation Manual(PartE, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenoriofor CTUIR Traditional Subsistence Lifewoys
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Near-field exposure area -- CTUIR

Cancer risk from inhalation of volatile radioactive contaminants in sweat lodge vapor
Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)

Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake linh calculated pCi

Contaminant concentration in water CdW contaminant-specific pCi/L
Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation ratea IR 25 m3/day

Length of sweat event ET 0.042 day/event (1hr/24hr)
Number of sweats per year EF 365 days/yr
Number of years a person sweats in a lifetime ED 68 yr
a Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL linh SFi Risk %

Near-Field Exposure Area Radioactive COPC CAS # Volatile? (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution

Gross alpha 12587-46-1 4.8703439 --(c) - --

Iodine-129 15046-84-1 -- 3.1689247 --(c) 6.07E-11 -

Plutonium-239/240 PU-239/240 -- 0.029 --(c) 3.33E-08 --

Protactinium-231 14331-85-2 -- 0.28 --(c) 4.55E-08 --

Strontium-90 10098-97-2 - 4.5802399 --(c) 1.OSE-10 --

Technetium-99 14133-76-7 -- 1567.7398 --(c) 1.41E-11 --

Tritium 10028-17-8 Yes 192557.5 4.75E+09 5.62E-14 2.67E-04 100
Total ELCR 2.67E-04 100

a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).

b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (H EAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of nonvolatile contaminants is presented in Table C-16
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R-92/003 Risk Assessment Guidance for Superfund: Volume I -- Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1groundwater operable unit Native American Risk Assessment (10-Year)--Near-field exposure area -- CTUIR

Cancer risk from inhalation of nonvolatile radioactive contaminants in sweathouse vapor
Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)

Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake l,,h calculated pCi

Contaminant concentration in water Cd. contaminant-specific pCi/L
Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Inhalation rate IR 25 m5/day

Length of sweat eventb ET 0.042 day/event (1hr/24hr)
Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr

Molecular weight of water MWw 18 g/mole
Density of liquid water rhow 1000 g/L
Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m)/gmole*K)

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL linh SFib Risk

Near-Field Exposure Area Radioactive COPC CAS # Volatile? (pCi/L) (pCi) (Risk/pCi) (unitless)
Gross alpha 12587-46-1 -- 4.8703439 2.06E+04 - --

lodine-129 15046-84-1 -- 3.1689247 1.34E+04 6.07E-11 8.15E-07

Plutonium-239/240 PU-239/240 -- 0.029 1.23E+02 3.33E-08 4.09E-06
Protactinium-231 14331-85-2 -- 0.28 1.19E+03 4.55E-08 5.40E-05
Strontium-90 10098-97-2 -- 4.5802399 1.94E+04 1.05E-10 2.04E-06
Technetium-99 14133-76-7 -- 1567.7398 6.64E+06 1.41E-11 9.36E-05

Tritium 10028-17-8 Yes 192557.5 --(c) 5.62E-14 --

Total ELCR 1.55E-04

.Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003)

Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.

Inhalation of volatile contaminants is presented in Table C-1S
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R-92/003 Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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Contribution

0.53
2.6
35
1.3
61

100

html

Attachment G, Page G-49



ECF-200P01-09-2115 REV. 2

200-PO-1 Groundwater Operable Unit River Exposure Area Native American Risk Assessment (10-Year)-Summary of CTUIR Sweat Lodge Exposure Scenario Noncancer Hazard Results for Nonradioactive COPCs in Groundwater.
HQ (Inhalation) HQ (Dermal, Vapor, HQ (Dermal, Liquid, HQ (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? HQ (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total HI %

Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution
Acetone 0.0011 VOC 1.76E-06 -- 1.54E-10 -- 1.76E-06 1.47E-05
Arsenic 0.005767892 - 3.3 0.0049 8.10E-07 3.29E+00 27

Barium 0.049451657 -- 0.8 - 0.0009 1.49E-07 8.45E-01 7.0

Carbon tetrachloride 0.00028 VOC 7.33E-05 -- 1.57E-06 - 7.49E-05 6.25E-04
Chloride 12.545114 - -- - -

Chloroform 0.0023 VOC 1.17E-03 3.84E-07 -- 1.17E-03 0.0097
Chromium 0.0141 -- - - 0.0002 3.05E-08 1.86E-04 0.0016
Copper 0.00597989 -- -- - - 0.0000 6.30E-09 3.84E-05 3.21E-04

Fluoride 0.30621978 - 0.2 - 0.0013 2.15E-07 2.02E-01 1.7
Iron 0.61057915 - - -- 0.0002 3.68E-08 2.24E-04 0.0019
Lead 0.000663667 - -- -- - -

Manganese 0.040717647 - - 6.9 0.0109 1.79E-06 6.96E+00 58
Nickel 0.0056 -- 0.5 - 0.0004 5.90E-08 5.31E-01 4.4

Nitrate 28.952 -- - - 0.0010 1.72E-07 1.05E-03 0.0087
Nitrite 0.46 - -- -- -- 0.0004 6.46E-08 3.94E-04 0.0033
Strontium 0.38963943 -- -- - 0.0002 2.74E-08 1.67E-04 0.0014

Sulfate 41.899078 - - --

Thallium 0.00037 -- - --

Uranium 0.005491757 - 0.2 0.0005 7.71E-08 1.57E-01 1.3

Vanadium 0.0168 - - - -- 0.0009 1.42E-07 8.64E-04 0.0072
Zinc 0.006671161 -- -- - 0.0000 5.62E-10 3.43E-06 2.86E-05

Total 1.24E-03 11.96 1.96E-06 0.022 0.0000 11.99 100
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper 2004, Exposure Scenorio for CTUIR Traditional Subsistence Lifeways.
COPC contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
HQ = hazard quotient.
HI = hazard index.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 Groundwater Operable Unit River Exposure Area Native American Risk Assessment (10-Year)-Summary of CTUIR Sweat Lodge Exposure Scenario Cancer Risk Results for Nonradioactive COPCs in Groundwater.
Risk (Inhalation) Risk (Dermal, Vapor, Risk (Dermal, Liquid, Risk (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? Risk (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total Risk %
Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitiess) Contribution

Acetone 0.0011 VOC - -- - --

Arsenic 0.005767892 - - 2.06E-04 - 2.16E-06 3.54E-10 2.08E-04 93
Barium 0.049451657 - -- - -

Carbon tetrachloride 0.00028 VOC 2.03E-07 - 1.39E-10 - - 2.03E-07 0.091
Chloride 12.545114- -- --

Chloroform 0.0023 VOC 2.56E-06 - 1.16E-10 2.56E-06 1.15
Chromium 0.0141 -

Copper 0.00597989 - - - - -

Fluoride 0.30621978 - -- - - - -

Iron 0.61057915 -- -- --

Lead 0.000663667 --

Manganese 0.040717647 - - -

Nickel 0.0056 -- - 1.21E-05 - - 1.21E-05 5.4
Nitrate 28.952 -- - -- -

Nitrite 0.46 - - - -

Strontium 0.38963943 - -- - - - -

Sulfate 41.899078 --

Thallium 0.00037 ---

Uranium 0.005491757 - - - -

Vanadium 0.0168 - -- -- -

Zinc 0.006671161 --

Total ELCR 2.76E-06 2.18E-04 2.55E-10 2.16E-06 3.54E-10 2.23E-04 100
- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 Groundwater Operable Unit River Exposure Area Native American Risk Assessment (10-Year)-Summary of CTUIR Sweat Lodge Exposure Scenario Cancer Risk Results for Radioactive COPCs in Groundwater.
Risk (Inhalation)

COPC 95 UCL Groundwater Volatile?a Risk (Inhalation) (Volatiles) (Nonvolatiles) Risk (Dermal) Total Risk %
Concentration (pCi/L) (unitless) (unitless) (unitless) (unitless) Contribution

Gross alpha 2.8 No - -- -

Gross beta 22.2 No - - -

Strontium-90 2.60 No - 1.16E-06 1.16E-06 1.3
Technetium-99 115 No - 6.85E-06 - 6.85E-06 7.6
Tritium 59,534 Yes 8.26E-05 - - 8.26E-05 91
Total ELCR 8.26E-05 8.01E-06 - 9.06E-05 100

Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--river exposure area-- CTUIR

Hazard quotient and cancer risk from inhalation of VOCs/SVOCs in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)
Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake lih calculated mg/kg-day
Contaminant concentration in water Cd. contaminant-specific mg/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation rate a IR 25 m3/day
Length of sweat event ET 0.042 day/event (1hr/24hr)

Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr

Conversion factor CF 365 day/yr

a Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit CW 95 UCL lih(non-cancer) RfCi RfDib HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (mg/m) (mg/kg-day) (unitless) Contribution

Acetone 67-64-1 VOC 0.0011 1.56E-05 3.10E+01 8.86E+00 1.76E-06 0.14
Arsenic 7440-38-2 0.005767892 --(c) 1.50E-05 4.29E-06 -

Barium 7440-39-3 - 0.049451657 --(c) 5.OOE-04 1.43E-04 --

Carbon tetrachloride 56-23-5 VOC 0.00028 3.98E-06 1.90E-01 5.43E-02 7.33E-05 6
Chloride 16887-00-6 12.545114 --(c) - -- --

Chloroform 67-66-3 VOC 0.0023 3.27E-05 9.80E-02 2.80E-02 1.17E-03 94
Chromium 7440-47-3 - 0.0141 --(c)---

Copper 7440-50-8 -- 0.00597989 --(c) --

Fluoride 16984-48-8 - 0.30621978 --(c) 1.30E-02 3.71E-03 -

Iron 7439-89-6 - 0.61057915 --(c) - -- --

Lead 7439-92-1 - 0.000663667 --(c) -- -

Manganese 7439-96-5 - 0.040717647 --(c) 5.00E-05 1.43E-05 -

Nickel 7440-02-0 - 0.0056 --(c) 9.OOE-05 2.57E-05 --

Nitrate 14797-55-8 - 28.952 --(c)
Nitrite 14797-65-0 - 0.46 --(c)
Strontium 7440-24-6 - 0.38963943 --(c) --

Sulfate 14808-79-8 - 41.899078 --(c) - -

Thallium 7440-28-0 -- 0.00037 --(c) - -- --

Uranium 7440-61-1 0.005491757 --(c) 3.OOE-04 8.57E-05 -

Vanadium 7440-62-2 0.0168 --(c) - - -

Zinc 7440-66-6 -- 0.006671161 --(c) -

Total 1.24E-03 100
a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

c Inhalation of nonvolatile chemicals is presented in Table C-19
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).
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Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ= hazard quotient.

SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL linh(cancer) IUR' SFi0  Risk %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?l (mg/L) (mg/kg-day) (ptg/m
3'-1 (kg-day/mg) (unitless) Contribution

Acetone 67-64-1 VOC 0.0011 1.52E-05 -- -- --

Arsenic 7440-38-2 -- 0.005767892 --(c) 4.30E-03 1.51E+01 --

Barium 7440-39-3 -- 0.049451657 --(c) -- -- --

Carbon tetrachloride 56-23-5 VOC 0.00028 3.87E-06 1.50E-05 5.25E-02 2.03E-07 7
Chloride 16887-00-6 - 12.545114 --(c) - - --

Chloroform 67-66-3 VOC 0.0023 3.17E-05 2.30E-05 8.05E-02 2.56E-06 93
Chromium 7440-47-3 -- 0.0141 --(c) -

Copper 7440-50-8 - 0.00597989 --(c) - --

Fluoride 16984-48-8 - 0.30621978 --(c) - --

Iron 7439-89-6 - 0.61057915 --(c) - - --

Lead 7439-92-1 -- 0.000663667 --(c) - - -

Manganese 7439-96-5 -- 0.040717647 --(c) -

Nickel 7440-02-0 -- 0.0056 --(c) 2.60E-04 9.10E-01 -

Nitrate 14797-55-8 28.952 --(c) - --

Nitrite 14797-65-0 - 0.46 --(c) - -- --

Strontium 7440-24-6 - 0.38963943 --(c) - -- -

Sulfate 14808-79-8 - 41.899078 --(c) - --

Thallium 7440-28-0 -- 0.00037 --(c) - --

Uranium 7440-61-1 - 0.005491757 --(c) - - -

Vanadium 7440-62-2 - 0.0168 --(c) - -

Zinc 7440-66-6 0.006671161 -- (c) -- -

Total ELCR 2.76E-06 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

Inhalation of nonvolatile chemicals is presented in Table C-19
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).

Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1groundwater operable unit Native American Risk Assessment (10-Year)--river exposure area-- CTUIR

Hazard quotient and cancer risk from inhalation of non-VOCs in sweat lodge vapor

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 2)

Cdw values taken from ECF-200P01-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake linh calculated mg/kg-day

Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m3)/gmole*K)

Inhalation rate" IR 25 m3/day
Length of sweat event ET 0.042 day/event (1hr/24hr)

Number of sweats per year EF 365 days/yr

Exposure duration ED 68 yr

Average body weight BW 70 kg

Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr

Conversion Factor CF 365 day/yr

Contaminant concentration Cdw contaminant-specific mg/L

Molecular weight of water MWw 18 g/mole

Density of liquid water rhow 1000 g/L

' Harris (2008)

200-PO-1 Groundwater Operable Unit Cd, 95 UCL ld,(non-cancer) RfCi' RfDi' HQ

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (mg/kg-day) (mg/m) (mg/kg-day) (unitless)
Acetone 67-64-1 VOC 0.0011 --(c) 3.10E+01 8.86E+00 --

Arsenic 7440-38-2 -- 0.005767892 1.41E-05 1.50E-05 4.29E-06 3.28E+00

Barium 7440-39-3 -- 0.049451657 1.21E-04 5.OOE-04 1.43E-04 8.44E-01

Carbon tetrachloride 56-23-5 VOC 0.00028 --(c) 1.90E-01 5.43E-02 -

Chloride 16887-00-6 -- 12.545114 3.06E-02 - - -

Chloroform 67-66-3 VOC 0.0023 --(c) 9.80E-02 2.80E-02 --

Chromium 7440-47-3 - 0.0141 3.44E-05 - - -

Copper 7440-50-8 - 0.00597989 1.46E-05 - -- -

Fluoride 16984-48-8 -- 0.30621978 7.47E-04 1.30E-02 3.71E-03 2.01E-01

Iron 7439-89-6 -- 0.61057915 1.49E-03 -- - --

Lead 7439-92-1 - 0.000663667 1.62E-06 - -- -

Manganese 7439-96-5 0.040717647 9.93E-05 5.OE-05 1.43E-05 6.95E+00
Nickel 7440-02-0 0.0056 1.37E-05 9.OOE-05 2.57E-05 5.31E-01
Nitrate 14797-55-8 - 28.952 7.06E-02 - -- -

Nitrite 14797-65-0 -- 0.46 1.12E-03 - --

Strontium 7440-24-6 -- 0.38963943 9.50E-04 -- - -

Sulfate 14808-79-8 -- 41.899078 1.02E-01 - -

Thallium 7440-28-0 0.00037 9.02E-07 -- - -

Uranium 7440-61-1 -- 0.005491757 1.34E-05 3.OOE-04 8.57E-05 1.56E-01
Vanadium 7440-62-2 -- 0.0168 4.10E-05 -- -

Zinc 7440-66-6 -- 0.006671161 1.63E-05 - -- -

Total 1.20E+d01

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x1

Inhalation of volatile compounds in vapor is presented in Table C-18
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.

SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd. 95 UCL ld,)(cancer) IUR' SFi Risk

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?" (mg/L) (mg/kg-day) (pg/m3'- 1  (kg-day/mg) (unitless)

Acetone 67-64-1 VOC 0.0011 --(c) - --

Arsenic 7440-38-2 0.005767892 1.37E-05 4.30E-03 1.51E+01 2.06E-04

Barium 7440-39-3 0.049451657 1.17E-04 -

Carbon tetrachloride 56-23-5 VOC 0.00028 --(c) 1.50E-05 5.25E-02 -

Chloride 16887-00-6 -- 12.545114 2.97E-02 - - --

Chloroform 67-66-3 VOC 0.0023 --(c) 2.30E-05 8.05E-02 -

Chromium 7440-47-3 -- 0.0141 3.34E-05 - --

Copper 7440-50-8 - 0.00597989 1.42E-05 - --

Fluoride 16984-48-8 -- 0.30621978 7.25E-04 -

Iron 7439-89-6 0.61057915 1.45E-03 - -

Lead 7439-92-1 - 0.000663667 1.57E-06 - -

Manganese 7439-96-5 -- 0.040717647 9.64E-05 - - -

Nickel 7440-02-0 0.0056 1.33E-05 2.60E-04 9.10E-01 1.21E-05

Nitrate 14797-55-8 - 28.952 6.86E-02 - --

Nitrite 14797-65-0 0.46 1.09E-03 - -

Strontium 7440-24-6 -- 0.38963943 9.23E-04 -- -

Sulfate 14808-79-8 41.899078 9.92E-02 - -

Thallium 7440-28-0 0.00037 8.76E-07 - -

Uranium 7440-61-1 0.005491757 1.30E-05 - -

Vanadium 7440-62-2 - 0.0168 3.98E-05 - -

Zinc 7440-66-6 -- 0.006671161 1.58E-05 - - -

Total ELCR 2.18E-04

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/Generic_-Tables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (u

Inhalation of volatile compounds in vapor is presented in Table C-18
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.

VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--river exposure area-- CTUIR

Hazard quotient and cancer risk from dermal exposure to VOCs/SVOCs in sweat lodge vapor

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water (ldl)

can be neglected and total dermal intake (ld,total) is equal to dermal intake from VOCs/SVOCs in sweat lodge vapor (ldv)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 3)
Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from vapor ld, calculated mg/kg-day

Contaminant concentration in water Cdw contaminant-specific mg/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Body surface area available for contact SA 1.8 m2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event ET 1 hr/event

Number of sweats per year EF 365 events/yr

Number of years a person sweats in a lifetime ED 68 yr

Average body weight BW 70 kg

Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr

Conversion factor CF1 0.01 m/cm

Conversion factor CF2 365 day/yr

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit Cd95 UCL Kpb la)(non-cancer) RfDo' GIABS' HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

Acetonec 67-64-1 VOC 0.0011 0.000512 1.38E-10 9.OOE-01 1 1.54E-10 0.0079

Arsenic 7440-38-2 - 0.005767892 0.001 --(c) 3.OOE-04 1 -

Barium 7440-39-3 -- 0.049451657 0.001 --(c) 2.00E-01 0.07 -

Carbon tetrachloride 56-23-5 VOC 0.00028 0.016 1.10E-09 7.OOE-04 1 1.57E-06 80

Chloride 16887-00-6 -- 12.545114 0.001 --(c) 1

Chloroform 67-66-3 VOC 0.0023 0.0068 3.84E-09 1.OOE-02 1 3.84E-07 19.6

Chromium 7440-47-3 - 0.0141 0.001 --(c) 1.50E+00 0.013 --

Copper 7440-50-8 - 0.00597989 0.001 --(c) 4.OOE-02 1

Fluoride 16984-48-8 -- 0.30621978 0.001 --(c) 6.OOE-02 1 -

Iron 7439-89-6 -- 0.61057915 0.001 -c) 7.OOE-01 1

Lead 7439-92-1 - 0.000663667 0.0001 -(c) -- 1 -

Manganese 7439-96-5 - 0.040717647 0.001 -c) 2.40E-02 0.04 -

Nickel 7440-02-0 - 0.0056 0.0002 -c) 2.OOE-02 0.04 -

Nitrate 14797-55-8 - 28.952 0.001 --(c) 7.10E+00 1 -

Nitrite 14797-65-0 - 0.46 0.001 -c) 3.OOE-01 1

Strontium 7440-24-6 - 0.38963943 0.001 --(c) 6.OOE-01 1 -

Sulfate 14808-79-8 - 41.899078 0.001 -c) - -

Thallium 7440-28-0 - 0.00037 0.001 --(c) -- 1 -

Uranium 7440-61-1 - 0.005491757 0.001 --(c) 3.00E-03 1 --

Vanadium 7440-62-2 -- 0.0168 0.001 --(c) 5.OOE-03 1 -

Zinc 7440-66-6 - 0.006671161 0.0006 -(c) 3.00E-01 1 --

Total 1.96E-06 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

c Dermal absorption of nonvolatile chemicals in sweat lodge vapor is presented in Table C-22
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).

Harris andHarper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.
HQ = hazard quotient.
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SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

ba
200-PO-1 Groundwater Operable Unit Cdw,95 UCL Kp ld,,(cancer) CSFo' GIABS' Risk %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) 1  (unitless) (unitless) Contribution

Acetone' 67-64-1 VOC 0.0011 0.000512 1.34E-10 - 1 -

Arsenic 7440-38-2 - 0.005767892 0.001 --(c) 1.50E+00 1 -

Barium 7440-39-3 - 0.049451657 0.001 --(c) -- 0.07
Carbon tetrachloride 56-23-5 VOC 0.00028 0.016 1.07E-09 1.30E-01 1 1.39E-10 55

Chloride 16887-00-6 - 12.545114 0.001 --(c) - 1

Chloroform 67-66-3 VOC 0.0023 0.0068 3.73E-09 3.10E-02 1 1.16E-10 45

Chromium 7440-47-3 - 0.0141 0.001 --(c) - 0.013 -

Copper 7440-50-8 -- 0.00597989 0.001 --(c) -- 1 -

Fluoride 16984-48-8 - 0.30621978 0.001 --(c) - 1 -

Iron 7439-89-6 - 0.61057915 0.001 --(c) - 1

Lead 7439-92-1 - 0.000663667 0.0001 --(c) 1
Manganese 7439-96-5 -- 0.040717647 0.001 --(c) 0.04 -

Nickel 7440-02-0 0.0056 0.0002 --(c) - 0.04 -

Nitrate 14797-55-8 -- 28.952 0.001 --(c) 1
Nitrite 14797-65-0 0.46 0.001 --(c) - 1 -

Strontium 7440-24-6 0.38963943 0.001 --(c) 1 -

Sulfate 14808-79-8 41.899078 0.001 --(c) --

Thallium 7440-28-0 -- 0.00037 0.001 --(c) -- 1 --

Uranium 7440-61-1 -- 0.005491757 0.001 --(c) -- 1 -

Vanadium 7440-62-2 -- 0.0168 0.001 --(c) -- 1 -

Zinc 7440-66-6 -- 0.006671161 0.0006 --(c) - 1 --

Total ELCR 2.55E-10 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Dermal absorption of nonvolatile chemicals in sweat lodge vapor is presented in Table C-22

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).

H arris a nd H arpe r 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways .
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--river exposure area-- CTUIR

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge condensed water

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4)

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
Model assumes concentration of nonvolatiles in condensed water is equal to concentration in water used to create steam

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4)

Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from liquid 10. calculated mg/kg-day

Contaminant concentration in water Cdw contaminant-specific mg/L

Body surface area available for contact SA 1.8 M

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event ET 1 hr/event

Number of sweats per year EF 365 events/yr

Number of years a person sweats in a lifetime ED 68 yr

Average body weight BW 70 kg

Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr

Conversion factor CF2 365 day/yr

Conversion factor CF3 10 L/m _cm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit C0w 95 UCL Kpb ldI(non-cancer) RfDoa GIABSa HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

Acetoned 67-64-1 VOC 0.0011 0.000512 --(c) 9.OOE-01 1

Arsenic 7440-38-2 -- 0.005767892 0.001 1.48E-06 3.OOE-04 1 4.94E-03 23

Barium 7440-39-3 - 0.049451657 0.001 1.27E-05 2.OOE-01 0.07 9.08E-04 4.2

Carbon tetrachloride 56-23-5 VOC 0.00028 0.016 --(c) 7.OOE-04 1

Chloride 16887-00-6 - 12.545114 0.001 3.23E-03 1

Chloroform 67-66-3 VOC 0.0023 0.0068 --(c) 1.OOE-02 1 -

Chromium 7440-47-3 0.0141 0.001 3.63E-06 1.50E+00 0.013 1.86E-04 0.85

Copper 7440-50-8 - 0.00597989 0.001 1.54E-06 4.OOE-02 1 3.84E-05 0.18

Fluoride 16984-48-8 - 0.30621978 0.001 7.87E-05 6.OOE-02 1 1.31E-03 6.0

Iron 7439-89-6 - 0.61057915 0.001 1.57E-04 7.OOE-01 1 2.24E-04 1.0

Lead 7439-92-1 -- 0.000663667 0.0001 1.71E-08 - 1

Manganese 7439-96-5 - 0.040717647 0.001 1.05E-05 2.40E-02 0.04 1.09E-02 50

Nickel 7440-02-0 - 0.0056 0.0002 2.88E-07 2.OOE-02 0.04 3.60E-04 1.6

Nitrate 14797-55-8 28.952 0.001 7.44E-03 7.10E+00 1 1.05E-03 4.8

Nitrite 14797-65-0 0.46 0.001 1.18E-04 3.OOE-01 1 3.94E-04 1.8

Strontium 7440-24-6 0.38963943 0.001 1.OOE-04 6.OOE-01 1 1.67E-04 0.77

Sulfate 14808-79-8 - 41.899078 0.001 1.08E-02 -- -

Thallium 7440-28-0 -- 0.00037 0.001 9.51E-08 1

Uranium 7440-61-1 -- 0.005491757 0.001 1.41E-06 3.OOE-03 1 4.71E-04 2.2

Vanadium 7440-62-2 - 0.0168 0.001 4.32E-06 5.OOE-03 1 8.64E-04 4.0

Zinc 7440-66-6 - 0.006671161 0.0006 1.03E-06 3.OOE-01 1 3.43E-06 0.016

Total 0.022 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

' Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
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VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Ca, 95 UCL Kp ldi(cancer) CSFo' GIABS' Risk %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)
1  (unitless) (unitless) Contribution

Acetoned 67-64-1 VOC 0.0011 0.000512 --(c) -- 1 --

Arsenic 7440-38-2 -- 0.005767892 0.001 1.44E-06 1.50E+00 1 2.16E-06 100

Barium 7440-39-3 0.049451657 0.001 1.24E-05 0.07
Carbon tetrachloride 56-23-5 VOC 0.00028 0.016 --(c) 1.30E-01 1 --

Chloride 16887-00-6 -- 12.545114 0.001 3.13E-03 -- 1 --

Chloroform 67-66-3 VOC 0.0023 0.0068 --(c) 3.10E-02 1 -

Chromium 7440-47-3 0.0141 0.001 3.52E-06 -- 0.013 -

Copper 7440-50-8 0.00597989 0.001 1.49E-06 - 1 --

Fluoride 16984-48-8 -- 0.30621978 0.001 7.65E-05 - 1
Iron 7439-89-6 -- 0.61057915 0.001 1.53E-04 -- 1 -

Lead 7439-92-1 -- 0.000663667 0.0001 1.66E-08 - 1 --

Manganese 7439-96-5 -- 0.040717647 0.001 1.02E-05 - 0.04 --

Nickel 7440-02-0 - 0.0056 0.0002 2.80E-07 - 0.04
Nitrate 14797-55-8 - 28.952 0.001 7.23E-03 - 1 -

Nitrite 14797-65-0 - 0.46 0.001 1.15E-04 -- 1 -

Strontium 7440-24-6 - 0.38963943 0.001 9.73E-05 -- 1
Sulfate 14808-79-8 - 41.899078 0.001 1.05E-02 - - -

Thallium 7440-28-0 -- 0.00037 0.001 9.24E-08 - 1

Uranium 7440-61-1 -- 0.005491757 0.001 1.37E-06 -- 1 --

Vanadium 7440-62-2 - 0.0168 0.001 4.20E-06 1

Zinc 7440-66-6 - 0.006671161 0.0006 1.OOE-06 -- 1

Total ELCR 2.16E-06 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/Generic_Tables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).
c Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R//99/005 Risk AssessmentGuidanceforSuperfund Volume I: Human Health Evaluation Manual (PartE, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
SVOC semivolatile organic compound.

VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--river exposure area-- CTUIR

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge vapor
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4)
Cdw values taken from ECF-200P01-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from vapor ldd calculated mg/kg-day

Body surface area available for contact SA 1.8 M2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event ET 1 hr/day

Number of sweats per year EF 365 days/yr

Exposure duration ED 68 yr

Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr
Contaminant concentration Cdw contaminant-specific mg/L
Molecular weight of water MWw 18 g/mole
Ideal gas law constant R 62.37 (mmHg-L)/(gmole-K)
Temperature of the sweat lodge T 338.7 K
Density of liquid water rhow 1000 g/L

Conversion factor CF2  365 day/yr

Conversion factor CF3 10 L/m 2-cm

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cd,,95 UCL Kp 5  ld,(non-cancer) RfDo GIABS' HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

Acetoned 67-64-1 VOC 0.0011 0.000512 --(c) 9.OOE-01 1 --

Arsenic 7440-38-2 - 0.005767892 0.001 2.43E-10 3.OOE-04 1 8.10E-07 23

Barium 7440-39-3 0.049451657 0.001 2.08E-09 2.OOE-01 0.07 1.49E-07 4.2

Carbon tetrachloride 56-23-5 VOC 0.00028 0.016 --(c( 7.OOE-04 1 -

Chloride 16887-00-6 12.545114 0.001 5.29E-07 - 1 -

Chloroform 67-66-3 VOC 0.0023 0.0068 --(c) 1.OOE-02 1 -

Chromium 7440-47-3 -- 0.0141 0.001 5.94E-10 1.50E+00 0.013 3.05E-08 0.85

Copper 7440-50-8 -- 0.00597989 0.001 2.52E-10 4.OOE-02 1 6.30E-09 0.18

Fluoride 16984-48-8 -- 0.30621978 0.001 1.29E-08 6.OOE-02 1 2.15E-07 6.0

Iron 7439-89-6 -- 0.61057915 0.001 2.57E-08 7.OOE-01 1 3.68E-08 1.0

Lead 7439-92-1 -- 0.000663667 0.0001 2.80E-12 - 1 -

Manganese 7439-96-5 -- 0.040717647 0.001 1.72E-09 2.40E-02 0.04 1.79E-06 50

Nickel 7440-02-0 - 0.0056 0.0002 4.72E-11 2.OOE-02 0.04 5.90E-08 1.6

Nitrate 14797-55-8 -- 28.952 0.001 1.22E-06 7.10E+00 1 1.72E-07 4.8

Nitrite 14797-65-0 -- 0.46 0.001 1.94E-08 3.OOE-01 1 6.46E-08 1.8

Strontium 7440-24-6 - 0.38963943 0.001 1.64E-08 6.OOE-01 1 2.74E-08 0.77

Sulfate 14808-79-8 41.899078 0.001 1.77E-06 - -

Thallium 7440-28-0 0.00037 0.001 1.56E-11 - 1 -

Uranium 7440-61-1 - 0.005491757 0.001 2.31E-10 3.OOE-03 1 7.71E-08 2.2

Vanadium 7440-62-2 - 0.0168 0.001 7.08E-10 5.OOE-03 1 1.42E-07 4.0

Zinc 7440-66-6 - 0.006671161 0.0006 1.69E-10 3.OOE-01 1 5.62E-10 0.016

Total 0.0000 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Dermal Intake of Volatiles in Sweatlodge vapor is presented in Table C-20

the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

E PA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ= hazard quotient.

SVOC = semivolatile organic compound.
VOC = volatile organice compound.

Attachment G, Page G-66



ECF-200P01-09-2115 REV. 2

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cw, 95 UCL Kp la,(cancer) CSFo GIABS' Risk %

(mg/kg-day)~

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (cm/hr) (mg/kg-day) (unitless) (unitless) Contribution

Acetoned 67-64-1 VOC 0.0011 0.000512 --(c) -- 1 -

Arsenic 7440-38-2 -- 0.005767892 0.001 2.36E-10 1.50E+00 1 3.54E-10 100

Barium 7440-39-3 -- 0.049451657 0.001 2.02E-09 -- 0.07 --

Carbon tetrachloride 56-23-5 VOC 0.00028 0.016 --(c) 1.30E-01 1 -

Chloride 16887-00-6 -- 12.545114 0.001 5.13E-07 -- 1 -

Chloroform 67-66-3 VOC 0.0023 0.0068 --(c) 3.10E-02 1 --

Chromium 7440-47-3 0.0141 0.001 5.77E-10 -- 0.013 --

Copper 7440-50-8 -- 0.00597989 0.001 2.45E-10 -- 1 --

Fluoride 16984-48-8 -- 0.30621978 0.001 1.25E-08 -- 1 --

Iron 7439-89-6 -- 0.61057915 0.001 2.50E-08 -- 1 --

Lead 7439-92-1 - 0.000663667 0.0001 2.72E-12 - 1 -

Manganese 7439-96-5 0.040717647 0.001 1.67E-09 - 0.04 --

Nickel 7440-02-0 0.0056 0.0002 4.58E-11 - 0.04 -

Nitrate 14797-55-8 -- 28.952 0.001 1.19E-06 - 1 -

Nitrite 14797-65-0 -- 0.46 0.001 1.88E-08 - 1 --

Strontium 7440-24-6 -- 0.38963943 0.001 1.59E-08 - 1 -

Sulfate 14808-79-8 -- 41.899078 0.001 1.71E-06 - - --

Thallium 7440-28-0 - 0.00037 0.001 1.51E-11 - 1 -

Uranium 7440-61-1 0.005491757 0.001 2.25E-10 - 1 -

Vanadium 7440-62-2 - 0.0168 0.001 6.88E-10 - 1 -

Zinc 7440-66-6 - 0.006671161 0.0006 1.64E-10 - 1 --

Total ELCR 3.54E-10 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_ table/Generic Tables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics.)

Dermal Intake of Volatiles in Sweatodge vapor is presented in Table C-20
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

E PA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--river exposure area-- CTUIR

Cancer risk from inhalation of volatile radioactive contaminants in sweat lodge vapor
Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)
Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake linh calculated pCi

Contaminant concentration in water Cd contaminant-specific pCi/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation ratea IR 25 m3/day

Length of sweat event ET 0.042 day/event (1hr/24hr)

Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr
a Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL linh SFib Risk %

River Exposure Area Radioactive COPC CAS # Volatile?a (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution

Gross alpha 12587-46-1 - 2.8 --(c) -- --

Gross beta 12587-47-2 - 22.2 --(c) -

Strontium-90 10098-97-2 -- 2.60 -(c) 1.05E-10 -

Technetium-99 14133-76-7 -- 115 --(c) 1.41E-11 -

Tritium 10028-17-8 Yes 59,534 1.47E+09 5.62E-14 8.26E-05 100

Total ELCR 8.26E-05 100

a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).

b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of nonvolatile contaminants is Presented in Table C-24
- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R-92/003 Risk Assessment Guidance for Superfund: Volume I --Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--river exposure area-- CTUIR

Cancer risk from inhalation of nonvolatile radioactive contaminants in sweathouse vapor

Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)

Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake lnh calculated pCi

Contaminant concentration in water C, contaminant-specific pCi/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1m
Inhalation rate IR 25 m

3
/day

Length of sweat event ET 0.042 day/event (1hr/24hr)

Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr

Molecular weight of water MWw 18 g/mole

Density of liquid water rhow 1000 g/L

Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m
3

)/gmole*K)

' Harris, 2008, Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments.

Cancer risk calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL Imh SFij Risk

River Exposure Area Radioactive COPC CAS 8 Volatile?e (pCi/L) (pCi) (Risk/pCi) (unitless)

Gross alpha 12587-46-1 -- 2.8 1.17E+04 - -

Gross beta 12587-47-2 -- 22.2 9.41E+04 - -

Strontium-90 10098-97-2 -- 2.60 1.10E+04 1.05E-10 1.16E-06

Technetium-99 14133-76-7 -- 115 4.86E+05 1.41E-11 6.85E-06

Tritium 10028-17-8 Yes 59,534 -(c) 5.62E-14 -

Total ELCR 8.01E06

' Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).

b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of volatile contaminants is presented in Table C-23
= Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R-92/003 Risk Assessment Guidancefor Superfund: Volume I -- Human Health Evaluation Manual (Part B, Development of Preliminary Remedition Goals).

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit Far-Field Exposure Area Native American Risk Assessment (10-Year)-Summary of Yakima Nationa Sweat Lodge Exposure Scenario Noncancer Hazard Results for Nonradioactive COPCs in Groundwater.
HQ (Inhalation) HQ (Dermal, Vapor, HQ (Dermal, Liquid, HQ (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? HQ (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total HI %

Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution
(m+p)-Xylene 0.0005 VOC 7.39E-05- 6.51E-08 - 7.40E-05 3.56E-04
1,1,1-Trichloroethane 0.001204711 VOC 2.49E-05 - 3.85E-09 - - 2.49E-05 1.20E-04

1,1-Dichloroethane 0.000389235 VOC 5.75E-05 - 6.40E-09 - 5.75E-05 2.77E-04
1,1-Dichloroethene 0.000164225 VOC 8.49E-05 - 1.94E-08 8.50E-05 4.09E-04

1,2-Dichlorobenzene 0.003 VOC 1.55E-03 -- 6.71E-07 -- 1.55E-03 0.0075
1,2-Dichloroethane 0.000305426 VOC 1.32E-05 3.15E-08 - - 1.32E-05 6.35E-05
1,4-Dichlorobenzene 0.000130994 VOC 1.69E-05 3.86E-08 - - 1.70E-05 8.17E-05
1,4-Dioxane 0.0081 SVOC 2.33E-04 - 1.31E-08 -- -- 2.33E-04 0.0011
2-Butanone 0.0029 VOC 6.OOE-05 - 2.28E-09 6.OOE-05 2.89E-04
2-Pentanone, 4-Methyl 0.00064 VOC 2.21E-05 - 1.06E-08 -- 2.21E-05 1.06E-04

Acetone 0.00128316 VOC 4.28E-06 - 3.58E-10 - - 4.28E-06 2.06E-05
Aluminum 0.041755539 - 1.48E-01 - 2.15E-05 3.52E-09 1.48E-01 0.71
Arsenic 0.003060574 - 3.62E+00 - 5.25E-03 8.60E-07 3.63E+00 17
Barium 0.068082679 -- 2.42E+00 - 2.50E-03 4.10E-07 2.42E+00 12

Benzene 0.0019 VOC 6.55E-03 - 3.50E-06 - - 6.56E-03 0.032
Benzyl alcohol 0.0027 SVOC - - 2.77E-08 - 2.77E-08 1.33E-07

Beryllium 0.000360659 -- 3.20E-01 - 1.32E-02 2.17E-06 3.33E-01 1.6

Bis(2-ethyIhexyl) phthalate 0.001271216 SVOC -- 7.80E-07 -- 7.80E-07 3.76E-06

Cadmium 0.0045 - - 7.99E+00 - 9.26E-02 1.52E-05 8.08E+00 39
Carbon disulfide 0.00039 VOC 5.76E-05 - 3.26E-08 5.77E-05 2.78E-04
Carbon tetrachloride 0.000164414 VOC 8.95E-05 -- 1.85E-06 - - 9.14E-05 4.40E-04

Chloride 9.821328 - - -

Chlorobenzene 0.00041 VOC 8.48E-04 - 2.82E-07 - - 8.49E-04 0.0041

Chloroform 0.00022061 VOC 2.33E-04 7.37E-08 - 2.33E-04 0.0011
Chromium 0.007505402 - - -1.98E-04 3.24E-08 1.98E-04 9.53E-04

cis-1,2-Dichloroethylene 0.0002 VOC - - 7.56E-08 - -- 7.56E-08 3.64E-07

Copper 0.002993571 - - - 3.85E-05 6.31E-09 3.85E-05 1.85E-04

Fluoride 0.32861624 - - 4.49E-01 2.82E-03 4.62E-07 4.52E-01 2.2

Iron 0.47301923 - - - 3.48E-04 5.69E-08 3.48E-04 0.0017

Lead 0.000710361 -- - --

Lithium 0.0083 - - -- 2.13E-03 3.50E-07 2.13E-03 0.010
Manganese 0.011254937 - 4.OOE+00 6.03E-03 9.88E-07 4.00E+00 19
Methanol 1.1 - 4.88E-03 -- 3.62E-04 5.93E-08 5.24E-03 0.025
Methylene chloride 0.000852962 VOC 8.82E-05 2.44E-08 - - 8.83E-05 4.25E-04

Molybdenum 0.0015 - - - 1.54E-04 2.53E-08 1.54E-04 7.43E-04

Nickel 0.003603478 - - 7.11E-01 -- 4.63E-04 7.59E-08 7.11E-01 3.4

Nitrate 23.756902 - - 1.72E-03 2.82E-07 1.72E-03 0.0083

Nitrite 0.079227256 -- - 1.36E-04 2.23E-08 1.36E-04 6.54E-04

o-Xylene 0.000210551 VOC 3.11E-05 - 2.79E-08 - 3.11E-05 1.50E-04

Silver 0.005341496 - - - 8.24E-03 1.35E-06 8.24E-03 0.040

Strontium 0.36357229 - --- 3.12E-04 5.11E-08 3.12E-04 0.0015

Sulfate 45.069738 ---

Tetrachloroethene 0.000993146 VOC 3.81E-04 - .61E-06 -- 3.82E-04 0.0018

Toluene 0.000274725 VOC 5.68E-06 - 5.23E-08 - 5.74E-06 2.76E-05

Tributyl phosphate 0.040836371 SVOC - - 2.29E-0 - - 2.29E-06 1.10E-05

Trichloroethene 0.000492361 VOC 1.46E-03 - - - 1.46E-03 0.0070

Trichloromonofluoromethan
e 0.00058 VOC 8.57E-05 - 1.23E-08 - -- 8.57E-05 4.13E-04

Uranium 0.01625113 -- 9.62E-01 - 2.79E-03 4.56E-07 9.64E-01 4.6

Vanadium 0.013487657 -- - 1.39E-03 2.27E-07 1.39E-03 0.0067

Vinyl chloride 0.0018 VOC 1.86E-03 - 1.65E-06 - - 1.86E-03 0.0090

Zinc 0.10896358 - - - 1.12E-04 1.84E-08 1.12E-04 5.40E-04
Total 0.014 21 1.31E-05 0.14 2.31E-05 20.77 100

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in groundwater used to make steam. Evaluation performed using steam

model from CTUIR sweat lodge scenario (Harris and Harper 2004).
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
Ridolfi 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.
COPC = contaminant of potential concern.
HI = hazard index.

HQ = hazard quotient.

SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 Groundwater Operable Unit Far-Field Exposure Area Native American Risk Assessment (10-Year)-Summary of Yakima Nationa Sweat Lodge Exposure Scenario Cancer Risk Results for Nonradioactive COPCs in Groundwater.
Risk (Inhalation) Risk (Dermal, Vapor, Risk (Dermal, Liquid, Risk (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? Risk (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total Risk %

Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution
(m+p)-Xylene 0.0005 VOC -- - - - -

1,1,1-Trichloroethane 0.001204711 VOC - - - -

1,1-Dichloroethane 0.000389235 VOC - - - - -

1,1-Dichloroethene 0.000164225 VOC - - - -

1,2-Dichlorobenzene 0.003 VOC - - -- -- - -

1,2-Dichloroethane 0.000305426 VOC 7.98E-07 - .57E-11 - 7.98E-07 0.194
1,4-Dichlorobenzene 0.000130994 VOC 1.45E-07 - 1.42E-11 - - 1.45E-07 0.035
1,4-Dioxane 0.0081 SVOC 6.27E-06 - 1.40E-11 -- - 6.27E-06 1.520
2-Butanone 0.0029 VOC -- -- - - -

2-Pentanone, 4-Methyl 0.00064 VOC - - - -

Acetone 0.00128316 VOC - - - - - --

Aluminum 0.041755539 - - - - - - --

Arsenic 0.003060574 - -- 2.27E-04 - 2.29E-06 3.76E-10 2.29E-04 55.580
Barium 0.068082679 - -- - -

Benzene 0.0019 VOC 1.49E-06 - 7.48E-10 - - 1.49E-06 0.361
Benzyl alcohol 0.0027 SVOC - - - - -

Beryllium 0.000360659 1.49E-05 -- 1.49E-05 3.619

Bis(2-ethyihexyl) phthalate 0.001271216 SVOC 3.07E-07 - 2.12E-10 --- 3.07E-07 0.074
Cadmium 0.0045 - - 1.40E-04- -- 1.40E-04 33.866

Carbon disulfide 0.00039 VOC - - - - - -

Carbon tetrachloride 0.000164414 VOC 2.48E-07 - 1.63E-10 - - 2.48E-07 0.060
Chloride 9.821328 - - --

Chlorobenzene 0.00041 VOC - - - - -

Chloroform 0.00022061 VOC 5.10E-07 - 2.22E-11 - 5.1OE-07 0.124
Chromium 0.007505402 - - - - - -

cis-1,2-Dichloroethylene 0.0002 VOC - - - - -

Copper 0.002993571 -- - - - -

Fluoride 0.32861624 - - -- - -

Iron 0.47301923 - - - - - -

Lead 0.000710361 - - - - - - -

Lithium 0.0083 - - - - - -

Manganese 0.011254937 - - -- - - - -

Methanol 1.1 ---- - -

Methylene chloride 0.000852962 VOC 4.03E-08 1.07E-11 - 4.03E-08 0.010
Molybdenum 0.0015 - - - - - -

Nickel 0.003603478 - - 1.62E-05 -- - 1.62E-05 3.917

Nitrate 23.756902 - - - -- - --

Nitrite 0.079227256 - - -- - -

o-Xylene 0.000210551 VOC - - - - - -

Silver 0.005341496 - - - - -

Strontium 0.36357229 -- - - -

Sulfate 45.069738 -- - - - -

Tetrachloroethene 0.000993146 VOC 5.89E-07 - 8.44E-09 - - 5.97E-07 0.145
Toluene 0.000274725 VOC - - - -

Tributyl phosphate 0.040836371 SVOC - 4.09E-09 - 4.09E-09 0.001
Trichloroethene 0.000492361 VOC 1.24E-06 - 2.51E-10 - - 1.24E-06 0.300
Trichloromonofluoromethan
e 0.00058 VOC - - - - -

Uranium 0.01625113 - --

Vanadium 0.013487657 - - - - - -

Vinyl chloride 0.0018 VOC 7.96E-07 - 3.46E-09 - 7.99E-07 0.194
Zinc 0.10896358 - - - - - -

Total ELCR 1.24E-05 3.98E-04 1.75E-08 2.29E-06 3.76E-10 4.12E-04 100
a Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in groundwater used to make steam. Evaluation performed using steam
model from CTUIR sweat lodge scenario (Harris and Harper 2004).
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.
Ridolfi 2007, Yakama Notion Exposure Scenariofor Hanford Site Risk Assessment.
COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.
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VOC = volatile organic compound.

200-PO-1 Groundwater Operable Unit Far-Field Exposure Area Native American Risk Assessment (10-Year)-Summary of Yakima Nationa Sweat Lodge Exposure Scenario Cancer Risk Results for Radioactive COPCs in

Groundwater.

Risk (Inhalation)
COPC 95 UCL Groundwater Volatile? Risk (Inhalation) (Volatiles) (Nonvolatiles) Risk (Dermal) Total Risk %

Concentration (pCi/L) (unitless) (unitless) (unitless) (unitless) Contribution
Carbon-14 15.2 - - 9.47E-07 - 9.47E-07 0.060
Gross alpha 5.9880167 - - - - 0.00E+00 0
Gross beta 26.717649 - - - - 0.OOE+00 0
lodine-129 1.7529182 - -- 9.38E-07 - 9.38E-07 0.060
Nickel-63 7.66125 - 1.lE-07 1.11E-07 0.0070
Protactinium-231 0.308 - 1.23E-04 -- 1.23E-04 7.9
Strontium-90 0.611 - 5.65E-07 - 5.65E-07 0.036
Technetium-99 75.671084 -- 9.40E-06 - 9.40E-06 0.60
Tritium 497899.63 Yes 1.44E-03 - - 1.44E-03 91
Total ELCR 1.44E-03 1.35E-04 - 1.57E-03 100
a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.
- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifewoys
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area - Yakima Nation

Hazard quotient and cancer risk from inhalation of VOCs/SVOCs in sweat lodge vapor
Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenario far Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1, except as noted)

Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake Imb calculated mg/kg-day

Contaminant concentration in water C. contaminant-specific mg/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation rate IR 26 m
3

/day

Length of sweat event b ET 0.083 day/event (2hr/24hr)

Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr

Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr

Conversion factor CF 365 day/yr

' Ridolfi (2007, Table 7).

b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL l,,(non-cancer) RfCi' RfDiO HQ %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (mg/kg-day) (mg/m) (mg/kg-day) (unitless) Contribution
(m+p)-Xylene 179601-23-1 VOC 0.0005 1.48E-05 7.OOE-01 2.OOE-01 7.39E-05 0.53
1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 3.56E-05 5.OOE+00 1.43E+00 2.49E-05 0.18
1,1-Dichloroethane 75-34-3 VOC 0.000389235 1.15E-05 7.00E-01 2.00E-01 5.75E-05 0.42

1,1-Dichloroethene 75-35-4 VOC 0.000164225 4.85E-06 2.OOE-01 5.71E-02 8.49E-05 0.61
1,2-Dichlorobenzene 95-50-1 VOC 0.003 8.87E-05 2.OOE-01 5.71E-02 1.55E-03 11
1,2-Dichloroethane 107-06-2 VOC 0.000305426 9.03E-06 2.40E+00 6.86E-01 1.32E-05 0.095
1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 3.87E-06 8.OOE-01 2.29E-01 1.69E-05 0.12

1,4-Dioxane 123-91-1 SVOC 0.0081 2.39E-04 3.60E+00 1.03E+00 2.33E-04 1.7
2-Butanone 78-93-3 VOC 0.0029 8.57E-05 5.00E+00 1.43E+00 6.OOE-05 0.43
2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 1.89E-05 3.OOE+00 8.57E-01 2.21E-05 0.16
Acetone 67-64-1 VOC 0.00128316 3.79E-05 3.10E+01 8.86E+00 4.28E-06 0.031
Aluminum 7429-90-5 -- 0.041755539 --(c) 5.00E-03 1.43E-03 -

Arsenic 7440-38-2 - 0.003060574 -(c) 1.50E-05 4.29E-06

Barium 7440-39-3 -- 0.068082679 -(c) 5.OOE-04 1.43E-04

Benzene 71-43-2 VOC 0.0019 5.62E-05 3.00E-02 8.57E-03 6.55E-03 47

Benzyl alcohol 100-51-6 SVOC 0.0027 7.98E-05 - -

Beryllium 7440-41-7 - 0.000360659 --(c) 2.00E-05 5.71E-06 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 3.76E-05 - -- -

Cadmium 7440-43-9 - 0.0045 --(c) 1.00E-05 2.86E-06 -

Carbon disulfide 75-15-0 VOC 0.00039 1.15E-05 7.OOE-01 2.OOE-01 5.76E-05 0.42

Carbon tetrachloride 56-23-5 VOC 0.000164414 4.86E-06 1.90E-01 5.43E-02 8.95E-05 0.65
Chloride 16887-00-6 -- 9.821328 --(c)

Chlorobenzene 108-90-7 VOC 0.00041 1.21E-05 5.OOE-02 1.43E-02 8.48E-04 6.1
Chloroform 67-66-3 VOC 0.00022061 6.52E-06 9.80E-02 2.80E-02 2.33E-04 1.7

Chromium 7440-47-3 - 0.007505402 --(c) -- - -

cis-1,2-Dichloroethylene 156-59-2 VOC 0.0002 5.91E-06 -- -

Copper 7440-50-8 -- 0.002993571 --(c) -- -- -

Fluoride 16984-48-8 - 0.32861624 -(c) 1.30E-02 3.71E-03
Iron 7439-89-6 - 0.47301923 --(c)
Lead 7439-92-1 -- 0.000710361 -c) -- -- --

Lithium 7439-93-2 - 0.0083 --(c) -- - -

Manganese 7439-96-5 - 0.0112S4937 --(c) 5.00E-05 1.43E-05 -

Methanol 67-56-1 - 1.1 -c) 4.00E+00 1.14E+00 -

Methylene chloride 75-09-2 VOC 0.000852962 2.52E-05 1.00E+00 2.86E-01 8.82E-05 0.6
Molybdenum 7439-98-7 -- 0.0015 -c) -- --

Nickel 7440-02-0 -- 0.003603478 -(c) 9.00E-05 2.57E-05 -
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Nitrate 14797-55-8 -- 23.756902 -(c)
Nitrite 14797-65-0 - 0.079227256 ' -(c) - -- -

o-Xylene 95-47-6 VOC 0.000210551 6.22E-06 7.00E-01 2.OOE-01 3.11E-05 0.2
Silver 7440-22-4 -- 0.005341496 --(c) - - -

Strontium 7440-24-6 - 0.36357229 --(c) -

Sulfate 14808-79-8 - 45.069738 --(c) -- -- --

Tetrachloroethene 127-18-4 VOC 0.000993146 2.94E-05 2.70E-01 7.71E-02 3.81E-04 2.8
Toluene 108-88-3 VOC 0.000274725 8.12E-06 5.00E+00 1.43E+00 5.68E-06 0.041
Tributyl phosphate 126-73-8 SVOC 0.040836371 1.21E-03 - -

Trichloroethene 79-01-6 VOC 0.000492361 1.46E-05 3.50E-02 1.OOE-02 1.46E-03 11
Trichloromonofluoromethane 75-69-4 VOC 0.00058 1.71E-05 7.00E-01 2.OOE-01 8.57E-05 0.62
Uranium 7440-61-1 -- 0.01625113 --(c) 3.OOE-04 8.57E-05 --

Vanadium 7440-62-2 - 0.013487657 --(c) - - -

Vinyl chloride 75-01-4 VOC 0.0018 5.32E-05 1.00E-01 2.86E-02 1.86E-03 13
Zinc 7440-66-6 -- 0.10896358 -- (c)- -I

Total 1.38E-02 100

. EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

Inhalation of nonvolatile chemicals is presented in table D-3
-= Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.

A4+--k---t r' M--- t' 12
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Cancer risk calculation

200-PO-1Groundwater Operable Unit C, 95 UCL linh(cancer) IUR SF!' Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (pg/m
3
)
5  

(kg-day/mg) (unitless) Contribution

(m+p)-Xylene 179601-23-1 VOC 0.0005 1.44E-05 - --

1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 3.46E-05 - -

1,1-Dichloroethane 75-34-3 VOC 0.000389235 1.12E-05 - --

1,1-Dichloroethene 75-35-4 VOC 0.000164225 4.72E-06 -- --

1,2-Dichlorobenzene 95-50-1 VOC 0.003 8.61E-05 -- - -

1,2-Dichloroethane 107-06-2 VOC 0.000305426 8.77E-06 2.60E-05 9.10E-02 7.98E-07 6.4

1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 3.76E-06 1.10E-05 3.85E-02 1.45E-07 1.2

1,4-Dioxane 123-91-1 SVOC 0.0081 2.33E-04 7.70E-06 2.70E-02 6.27E-06 50

2-Butanone 78-93-3 VOC 0.0029 8.33E-05 -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 1.84E-05 -

Acetone 67-64-1 VOC 0.00128316 3.68E-05 -- --

Aluminum 7429-90-5 0.041755539 --(c) -

Arsenic 7440-38-2 - 0.003060574 --(c) 4.30E-03 1.51E+01 -

Barium 7440-39-3 -- 0.068082679 --(c) - -- -

Benzene 71-43-2 VOC 0.0019 5.46E-05 7.80E-06 2.73E-02 1.49E-06 12

Benzyl alcohol 100-51-6 SVOC 0.0027 7.75E-05 -

Beryllium 7440-41-7 - 0.000360659 --(c) 2.40E-03 8.40E+00 --

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 3.65E-05 2.40E-06 8.40E-03 3.07E-07 2.5

Cadmium 7440-43-9 -- 0.0045 --(c) 1.80E-03 6.30E+00 --

Carbon disulfide 75-15-0 VOC 0.00039 1.12E-05 - -- -

Carbon tetrachloride 56-23-5 VOC 0.000164414 4.72E-06 1.50E-05 5.25E-02 2.48E-07 2.0

Chloride 16887-00-6 - 9.821328 --(c) -

Chlorobenzene 108-90-7 VOC 0.00041 1.18E-05 -

Chloroform 67-66-3 VOC 0.00022061 6.33E-06 2.30E-05 8.05E-02 5.10E-07 4.1

Chromium 7440-47-3 -- 0.007505402 --(c) -- --

cis-1,2-Dichloroethylene 156-59-2 VOC 0.0002 5.74E-06 - --

Copper 7440-50-8 -- 0.002993571 --(c) -- -

Fluoride 16984-48-8 - 0.32861624 --(c) -

Iron 7439-89-6 - 0.47301923 --(c) -- -

Lead 7439-92-1 - 0.000710361 --(c) --

Lithium 7439-93-2 - 0.0083 --(c) - -

Manganese 7439-96-5 -- 0.011254937 --(c) - -

Methanol 67-56-1 - 1.1 --(c) -- -

Methylene chloride 75-09-2 VOC 0.000852962 2.45E-05 4.70E-07 1.65E-03 4.03E-08 0.32

Molybdenum 7439-98-7 0.0015 --(c)

Nickel 7440-02-0 - 0.003603478 --(c) 2.60E-04 9.10E-01 -

Nitrate 14797-55-8 23.756902 --(c) - --

Nitrite 14797-65-0 - 0.079227256 --(c) -- - --

o-Xylene 95-47-6 VOC 0.000210551 6.05E-06 - --

Silver 7440-22-4 -- 0.005341496 --(c)- --

Strontium 7440-24-6 - 0.36357229 -(c) -- -

Sulfate 14808-79-8 - 45.069738 --(c) -- - --

Tetrachloroethene 127-18-4 VOC 0.000993146 2.85E-05 5.90E-06 2.07E-02 5.89E-07 4.7

Toluene 108-88-3 VOC 0.000274725 7.89E-06 - - --

Tributyl phosphate 126-73-8 SVOC 0.040836371 1.17E-03 - --

Trichloroethene 79-01-6 VOC 0.000492361 1.41E-05 2.50E-05 8.75E-02 1.24E-06 10.0

Trichloromonofluoromethane 75-69-4 VOC 0.00058 1.67E-05 -

Uranium 7440-61-1 - 0.01625113 --(c)- --

Vanadium 7440-62-2 - 0.013487657 --(c) -

Vinyl chloride 75-01-4 VOC 0.0018 5.17E-05 4.40E-06 1.54E-02 7.96E-07 6.4

Zinc 7440-66-6 - 0.10896358 --(c)- --

Total ELCR 124E-05 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/Generic-Tables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

Inhalation of nonvolatile chemicals is presented in table D-3
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA 540/1-89/002 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part A).

Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area -- Yakima Nation

Hazard quotient and cancer risk from inhalation of nonvolatiles in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakamo Nation Exposure Scenario for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 2, except as noted)

Cdw values taken from ECF-200PO1-09-2027: Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake Inh calculated mg/kg-day

Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m')/gmole*K)

Inhalation rate IR 26 m/day

Length of sweat eventb ET 0.083 day/event (2hr/24hr)

Number of sweats per year EF 365 days/yr

Exposure duration ED 68 yr

Average body weight BW 70 kg

Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr

Conversion Factor CF 365 day/yr

Contaminant concentration Cdw contaminant-specific mg/L

Molecular weight of water MWw 18 g/mole
Density of liquid water rhow 1000 g/L

Ridolfi (2007, Table 7).

b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cd., 95 UCL ld, 5(non-cancer) RfCi RfDib HQ %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/5VOC?' (mg/L) (mg/kg-day) (mg/in) (mg/kg-day) (unitless) Contribution

(m+p)-Xylene 179601-23-1 VOC 0.0005 -(c) 7.00E-01 2.OOE-01 -

1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 -(c) 5.OOE+00 1.43E+00 -

1,1-Dichloroethane 75-34-3 VOC 0.000389235 -c) 7.00E-01 2.OOE-01 -

1,1-Dichloroethene 75-35-4 VOC 0.000164225 -c) 2.OOE-01 5.71E-02 -

1,2-Dichlorobenzene 95-50-1 VOC 0.003 -c) 2.OOE-01 5.71E-02 -

1,2-Dichloroethane 107-06-2 VOC 0.000305426 -(0 2.40E+00 6.86E-01 -

1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 -c) 8.OOE-01 2.29E-01 -

1,4-Dioxane 123-91-1 SVOC 0.0081 --(c) 3.60E+00 1.03E+00 -

2-Butanone 78-93-3 VOC 0.0029 -)c) 5.OOE+00 1.43E+00 -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 --(c) 3.OOE+00 8.57E-01 -

Acetone 67-64-1 VOC 0.00128316 -c) 3.10E+01 8.86E+00 -

Aluminum 7429-90-5 - 0.041755539 2.12E-04 5.OOE-03 1.43E-03 1.48E-01 0.72

Arsenic 7440-38-2 0.003060574 1.55E-05 1.50E-05 4.29E-06 3.62E+00 18

Barium 7440-39-3 0.068082679 3.45E-04 5.OOE-04 1.43E-04 2.42E+00 12

Benzene 71-43-2 VOC 0.0019 -c) 3.OOE-02 8.57E-03 -

Benzyl alcohol 100-51-6 SVOC 0.0027 -c) -

Beryllium 7440-41-7 - 0.000360659 1.83E-06 2.OOE-05 5.71E-06 3.20E-01 1.6

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 -c) - - --

Cadmium 7440-43-9 0.0045 2.28E-05 1.OE-05 2.86E-06 7.99E+00 39

Carbon disulfide 75-15-0 VOC 0.00039 -c) 7.OOE-01 2.OOE-01 -

Carbon tetrachloride 56-23-5 VOC 0.000164414 -c) 1.90E-01 5.43E-02 -

Chloride 16887-00-6 -- 9.821328 4.98E-02 - -- -

Chlorobenzene 108-90-7 VOC 0.00041 -(c) 5.OOE-02 1.43E-02 -

Chloroform 67-66-3 VOC 0.00022061 --(c) 9.80E-02 2.80E-02 -

Chromium 7440-47-3 -- 0.007505402 3.81E-05 - - --

cis-1,2-Dichloroethylene 156-59-2 VOC 0.0002 --(c) - - -

Copper 7440-50-8 - 0.002993571 1.52E-05 -- --

Fluoride 16984-48-8 - 0.32861624 1.67E-03 1.30E-02 3.71E-03 4.49E-01 2.2

Iron 7439-89-6 0.47301923 2.40E-03 - -

Lead 7439-92-1 0.000710361 3.60E-06 -- -

Lithium 7439-93-2 -- 0.0083 4.21E-05 - -

Manganese 7439-96-5 -- 0.011254937 5.71E-05 5.OOE-05 1.43E-05 4.00E+00 19

Methanol 67-56-1 1.1 5.58E-03 4.OOE+00 1.14E+00 4.88E-03 0.024

Methylene chloride 75-09-2 VOC 0.000852962 -c) 1.OOE+00 2.86E-01 -

Molybdenum 7439-98-7 -- 0.0015 7.61E-06 - - -

Nickel 7440-02-0 0.003603478 1.83E-05 9.00E-05 2.57E-05 7.11E-01 3.4

Nitrate 14797-55-8 23.756902 1.20E-01 - - -

Nitrite 14797-65-0 0.079227256 4.02E-04 - - -

o-Xylene 95-47-6 VOC 0.000210551 --(c) 7.OOE-01 2.00E-01 -

Silver 7440-22-4 - 0.005341496 2.71E-05 - -

Strontium 7440-24-6 - 0.36357229 1.84E-03 - - -

Sulfate 14808-79-8 -- 45.069738 2.29E-01 -

Tetrachloroethene 127-18-4 VOC 0.000993146 -c) 2.70E-01 7.71E-02 -

Toluene 108-88-3 VOC 0.000274725 -c) 5.OOE+00 1.43E+00 -

Tributyl phosphate 126-73-8 SVOC 0.040836371 -c) -- - -

Trichloroethene 79-01-6 VOC 0.000492361 -c) 3.50E-02 1.OOE-02 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 --(c) 7.00E-01 2.OOE-01 -

Uranium 7440-61-1 - 0.01625113 8.24E-05 3.00E-04 8.57E-05 9.62E-01 4.7

Vanadium 7440-62-2 -- 0.013487657 6.84E-05 - - -

Vinyl chloride 75-01-4 VOC 0.0018 -c) 1.00E-01 2.86E-02 -

Zinc 7440-66-6 - 0.10896358 5.53E-04 - -

Total 21 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).
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Inhalation of volatile compounds in vapor is presented in Table D-2
-- Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.

SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL ldA(cancer) IUR SFib Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?e (mg/L) (mg/kg-day) (pg/m
3)" (kg-day/mg) (unitless) Contribution

(m+p)-Xylene 179601-23-1 VOC 0.0005 --(c) - -

1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 --(c) -- - -

1,1-Dichloroethane 75-34-3 VOC 0.000389235 --(c) -- - --

1,1-Dichloroethene 75-35-4 VOC 0.000164225 --(c) - - -

1,2-Dichlorobenzene 95-50-1 VOC 0.003 --(c) - -- -

1,2-Dichloroethane 107-06-2 VOC 0.000305426 --(c) 2.60E-05 9.10E-02 --

1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 --(c) 1.10E-05 3.85E-02 -

1,4-Dioxane 123-91-1 SVOC 0.0081 --(c) 7.70E-06 2.70E-02 -

2-Butanone 78-93-3 VOC 0.0029 --(c) -- -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 --(c) -- -
Acetone 67-64-1 VOC 0.00128316 --(c) - -

Aluminum 7429-90-5 - 0.041755539 2.06E-04 -- - -

Arsenic 7440-38-2 - 0.003060574 1.51E-05 4.30E-03 1.51E+01 2.27E-04 57
Barium 7440-39-3 - 0.068082679 3.35E-04 - - -

Benzene 71-43-2 VOC 0.0019 --(c) 7.80E-06 2.73E-02 -

Benzyl alcohol 100-51-6 SVOC 0.0027 --(c) - - -

Beryllium 7440-41-7 0.000360659 1.78E-06 2.40E-03 8.40E+00 1.49E-05 3.8
Bis(2-ethyhexyl) phthalate 117-81-7 SVOC 0.001271216 --(c) 2.40E-06 8.40E-03 --

Cadmium 7440-43-9 0.0045 2.22E-05 1.80E-03 6.30E+00 1.40E-04 35
Carbon disulfide 75-15-0 VOC 0.00039 --(c) - - -

Carbon tetrachloride 56-23-5 VOC 0.000164414 --(c) 1.50E-05 5.25E-02 -

Chloride 16887-00-6 - 9.821328 4.84E-02 - -

Chlorobenzene 108-90-7 VOC 0.00041 --(c) -- - --

Chloroform 67-66-3 VOC 0.00022061 --(c) 2.30E-05 8.05E-02 -

Chromium 7440-47-3 0.007505402 3.70E-05 -- - -

cis-1,2-Dichloroethylene 156-59-2 VOC 0.0002 --(c)- -

Copper 7440-50-8 0.002993571 1.47E-05 - - -

Fluoride 16984-48-8 - 0.32861624 1.62E-03 -

Iron 7439-89-6 0.47301923 2.33E-03 - -

Lead 7439-92-1 - 0.000710361 3.50E-06 - -

Lithium 7439-93-2 0.0083 4.09E-05 - - -

Manganese 7439-96-5 - 0.011254937 5.5SE-0 - - -

Methanol 67-56-1 1.1 5.42E-03 - - --

Methylene chloride 75-09-2 VOC 0.000852962 --(c) 4.70E-07 1.65E-03 -

Molybdenum 7439-98-7 - 0.0015 7.39E-06 -- -

Nickel 7440-02-0 - 0.003603478 1.78E-05 2.60E-04 9.10E-01 1.62E-05 4.1

Nitrate 14797-55-8 - 23.756902 1.17E-01 -

Nitrite 14797-65-0 - 0.079227256 3.90E-04 - -

o-Xylene 95-47-6 VOC 0.000210551 --(c) - - --

Silver 7440-22-4 0.005341496 2.63E-05 - - -

Strontium 7440-24-6 0.36357229 1.79E-03 - - -

Sulfate 14808-79-8 - 45.069738 2.22E-01 - - -

Tetrachloroethene 127-18-4 VOC 0.000993146 --(c) 5.90E-06 2.07E-02 -

Toluene 108-88-3 VOC 0.000274725 --(c) -- - -

Tributyl phosphate 126-73-8 SVOC 0.040836371 -(c) - - -

Trichloroethene 79-01-6 VOC 0.000492361 -(c) 2.50E-05 8.75E-02 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 -(c) - -

Uranium 7440-61-1 0.01625113 8.01E-05 - - -

Vanadium 7440-62-2 0.013487657 6.65E-05 -- -

Vinyl chloride 75-01-4 VOC 0.0018 -(c) 4.40E-06 1.54E-02 -

Zinc 7440-66-6 - 0.10896358 5.37E-04 - -

Total ELCR 3.98E-04 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

Inhalation of volatile compounds in vapor is presented in Table D-2
- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.
VOC = volatile organice compound.

Attachment G, Page G-10



ECF-200P01-09-2115 REV. 2

Attachment G, Page G-1 1



ECF-200P01-09-2115 REV. 2

Attachment G, Page G-12



ECF-200P01-09-2115 REV. 2

Attachment G, Page G-13



ECF-200PO1-09-2115 REV. 2

200-PO-1groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area -- Yakima Nation

Hazard quotient and cancer risk from dermal exposure to VOCs/SVOCs in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yokomo Notion Exposure Scenoriofor HanfordSite Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water (fd,l)
can be neglected and total dermal intake (ldotol)is equal to dermal intake from VOCs/SVOCs in sweat lodge vapor (ldv)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 3, except as noted)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from vapor l0 calculated mg/kg-day

Contaminant concentration in water Cdw contaminant-specific mg/L
Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Body surface area available for contact SA 1.8 M2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event ET 2 hr/event
Number of sweats per year EF 365 events/yr

Number of years a person sweats ina lifetime ED 68 yr

Average body weight' BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr

Conversion factor CF1 0.01 m/cm
Conversion factor CF2 365 day/yr

' Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cw 95 UCL Kpb l,,(non-cancer) RfDo' GIABS' HQ %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

(m+p)-Xylene' 179601-23-1 VOC 0.0005 0.053 1.30E-08 2.00E-01 1 6.51E-08 0.50
1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 0.013 7.69E-09 2.OOE+00 1 3.85E-09 0.029
1,1-Dichloroethane 75-34-3 VOC 0.000389235 0.0067 1.28E-09 2.00E-01 1 6.40E-09 0.049
1,1-Dichloroethene 75-35-4 VOC 0.000164225 0.012 9.68E-10 5.00E-02 1 1.94E-08 0.15
1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 6.04E-08 9.00E-02 1 6.71E-07 5.1
1,2-Dichloroethane 107-06-2 VOC 0.000305426 0.0042 6.30E-10 2.00E-02 1 3.15E-08 0.24
1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 0.042 2.70E-09 7.00E-02 1 3.86E-08 0.29
1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 1.31E-09 1.OE-01 1 1.31E-08 0.100
2-Butanone 78-93-3 VOC 0.0029 0.00096 1.37E-09 6.OE-01 1 2.28E-09 0.017
2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 8.49E-10 8.OOE-02 1 1.06E-08 0.081

Acetone' 67-64-1 VOC 0.00128316 0.000512 3.23E-10 9.OOE-01 1 3.58E-10 0.0027
Aluminum 7429-90-5 0.041755539 0.001 -(c) 1.00E+00 1 -

Arsenic 7440-38-2 - 0.003060574 0.001 -(c) 3.00E-04 1
Barium 7440-39-3 - 0.068082679 0.001 -(c) 2.OOE-01 0.07
Benzene 71-43-2 VOC 0.0019 0.015 1.40E-08 4.OOE-03 1 3.50E-06 27

Benzyl alcohol' 100-51-6 SVOC 0.0027 0.00209 2.77E-09 1.OE-01 1 2.77E-08 0.21

Beryllium 7440-41-7 - 0.000360659 0.001 -(c) 2.00E-03 0.007 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 0.025 1.56E-08 2.00E-02 1 7.80E-07 5.9
Cadmium 7440-43-9 -- 0.0045 0.001 --(c) 5.00E-04 0.05 --

Carbon disulfide 75-15-0 VOC 0.00039 0.017 3.26E-09 1.OE-01 1 3.26E-08 0.25
Carbon tetrachloride 56-23-5 VOC 0.000164414 0.016 1.29E-09 7.00E-04 1 1.85E-06 14
Chloride 16887-00-6 - 9.821328 0.001 --(c) -- 1 -

Chlorobenzene 108-90-7 VOC 0.00041 0.028 5.64E-09 2.00E-02 1 2.82E-07 2.1
Chloroform 67-66-3 VOC 0.00022061 0.0068 7.37E-10 1.OOE-02 1 7.37E-08 0.56
Chromium 7440-47-3 - 0.007505402 0.001 --(c) 1.50E+00 0.013

cis-1,2-Dichloroethylene' 156-59-2 VOC 0.0002 0.0077 7.56E-10 1.00E-02 1 7.56E-08 0.58
Copper 7440-50-8 - 0.002993571 0.001 --(c) 4.00E-02 1 -

Fluoride 16984-48-8 -- 0.32861624 0.001 --(c) 6.00E-02 1 --

Iron 7439-89-6 -- 0.47301923 0.001 -(c) 7.OOE-01 1 -

Lead 7439-92-1 - 0.000710361 0.0001 -(c) -- 1 -

Lithium 7439-93-2 - 0.0083 0.001 --(c) 2.00E-03 1 -

Manganese 7439-96-5 -- 0.011254937 0.001 --(c) 2.40E-02 0.04 --

Methanol 67-56-1 -- 1.1 0.00032 --(c) 5.00E-01 1
Methylene chloride 75-09-2 VOC 0.000852962 0.0035 1.47E-09 6.00E-02 1 2.44E-08 0.19
Molybdenum 7439-98-7 -- 0.0015 0.001 --(c) 5.00E-03 1
Nickel 7440-02-0 -- 0.003603478 0.0002 -(c) 2.00E-02 0.04 -
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Nitrate 14797-55-8 - 23.756902 0.001 -(c) 7.10E+00 1 -

Nitrite 14797-65-0 0.079227256 0.001 -(c) 3.00E-01 1 -

o-Xylene' 95-47-6 VOC 0.000210551 0.054 5.58E-09 2.00E-01 1 2.79E-08 0.21

Silver 7440-22-4 - 0.005341496 0.0006 -(c) 5.OOE-03 0.04 -

Strontium 7440-24-6 -- 0.36357229 0.001 -(c) 6.00E-01 1
Sulfate 14808-79-8 - 45.069738 0.001 --(c) - - -

Tetrachloroethene 127-18-4 VOC 0.000993146 0.033 1.61E-08 1.00E-02 1 1.61E-06 12

Toluene 108-88-3 VOC 0.000274725 0.031 4.18E-09 8.OOE-02 1 5.23E-08 0.40

Tributyl phosphated 126-73-8 SVOC 0.040836371 0.0228 4.57E-07 2.OOE-01 1 2.29E-06 17
Trichloroethene 79-01-6 VOC 0.000492361 0.012 2.90E-09 - 1 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 3.70E-09 3.00E-01 1 1.23E-08 0.094
Uranium 7440-61-1 - 0.01625113 0.001 --(c) 3.00E-03 1 -

Vanadium 7440-62-2 - 0.013487657 0.001 --(c) 5.00E-03 1 -

Vinyl chloride' 75-01-4 VOC 0.0018 0.0056 4.95E-09 3.00E-03 1 1.65E-06 13
Zinc 7440-66-6 -- 0.10896358 0.0006 --(c) 3.OOE-01 1
Total 1.31E-05 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Dermal absorption of nonvolatile chemicals is presented in tables D-5 and D-6
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

' for cis-1,2-dichloroethyelene the chemical-specific inputs are assummed to be the same as trans-1,2-dichloroethylene

for (m+p) xylenes and o-xylene the chemical-specific inputs are assummed to be the same as m-xylene
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume!: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).

Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.

HQ = hazard quotient.
SVOC = semivolatile organic compound.

VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit C 95 UCL Kpb l,,(cancer) CSFo' GIABS' Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)
5  

(unitless) (unitless) Contribution

(m+p)-Xylene 179601-23-1 VOC 0.0005 0.053 1.26E-08 1 -

1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 0.013 7.47E-09 1 -

1,1-Dichloroethane 75-34-3 VOC 0.000389235 0.0067 1.24E-09 - 1
1,1-Dichloroethene 75-35-4 VOC 0.000164225 0.012 9.40E-10 1
1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 5.87E-08 1
1,2-Dichloroethane 107-06-2 VOC 0.000305426 0.0042 6.12E-10 9.10E-02 1 5.57E-11 0.32
1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 0.042 2.62E-09 5.40E-03 1 1.42E-11 0.081
1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 1.28E-09 1.10E-02 1 1.40E-11 0.080
2-Butanone 78-93-3 VOC 0.0029 0.00096 1.33E-09 -- 1 --

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 8.24E-10 -- 1 -

Acetone' 67-64-1 VOC 0.00128316 0.000512 3.13E-10 - 1 -

Aluminum 7429-90-5 - 0.041755539 0.001 -(c) - 1
Arsenic 7440-38-2 - 0.003060574 0.001 --(c) 1.50E+00 1
Barium 7440-39-3 - 0.068082679 0.001 --(c) - 0.07
Benzene 71-43-2 VOC 0.0019 0.015 1.36E-08 5.50E-02 1 7.48E-10 4.3

Benzyl alcohol' 100-51-6 SVOC 0.0027 0.00209 2.69E-09 - 1 -

Beryllium 7440-41-7 0.000360659 0.001 --(c) - 0.007
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 0.025 1.52E-08 1.40E-02 1 2.12E-10 1.2
Cadmium 7440-43-9 - 0.0045 0.001 --(c) - 0.05 -

Carbon disulfide 75-15-0 VOC 0.00039 0.017 3.16E-09 1
Carbon tetrachloride 56-23-5 VOC 0.000164414 0.016 1.26E-09 1.30E-01 1 1.63E-10 0.93
Chloride 16887-00-6 - 9.821328 0.001 --(c) - 1 -

Chlorobenzene 108-90-7 VOC 0.00041 0.028 5.48E-09 1 -

Chloroform 67-66-3 VOC 0.00022061 0.0068 7.16E-10 3.10E-02 1 2.22E-11 0.13
Chromium 7440-47-3 - 0.007505402 0.001 --(c) - 0.013 -

cis-1,2-Dichloroethylene' 156-59-2 VOC 0.0002 0.0077 7.35E-10 -- 1 -

Copper 7440-50-8 - 0.002993571 0.001 -(c) -- 1 --

Fluoride 16984-48-8 0.32861624 0.001 --(c) 1 -

Iron 7439-89-6 -- 0.47301923 0.001 --(c) -- 1 -

Lead 7439-92-1 -- 0.000710361 0.0001 --(c) 1 --

Lithium 7439-93-2 - 0.0083 0.001 -(c) 1 --

Manganese 7439-96-5 0.011254937 0.001 -(c) 0.04 -

Methanol 67-56-1 - 1.1 0.00032 -(c) - 1 -

Methylene chloride 75-09-2 VOC 0.000852962 0.0035 1.42E-09 7.50E-03 1 1.07E-11 0.061
Molybdenum 7439-98-7 -- 0.0015 0.001 -(c) - 1 -

Nickel 7440-02-0 0.003603478 0.0002 -(c) 0.04 -

Nitrate 14797-55-8 -- 23.756902 0.001 --(c) -- 1 --

Nitrite 14797-65-0 - 0.079227256 0.001 --(c) 1 -

o-Xyene 95-47-6 VOC 0.000210551 0.054 5.42E-09 -- 1 -

Silver 7440-22-4 -- 0.005341496 0.0006 --(c) - 0.04 -

Strontium 7440-24-6 - 0.36357229 0.001 -(c) 1 -

Sulfate 14808-79-8 - 45.069738 0.001 --(c) - --
Tetrachloroethene 127-18-4 VOC 0.000993146 0.033 1.56E-08 5.40E-01 1 8.44E-09 48
Toluene 108-88-3 VOC 0.000274725 0.031 4.06E-09 - 1

Tributyl phosphate' 126-73-8 SVOC 0.040836371 0.0228 4.44E-07 9.20E-03 1 4.09E-09 23
Trichloroethene 79-01-6 VOC 0.000492361 0.012 2.82E-09 8.90E-02 1 2.51E-10 1.4
Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 3.60E-09 - 1 -

Uranium 7440-61-1 - 0.01625113 0.001 --(c) - 1
Vanadium 7440-62-2 0.013487657 0.001 -(c)- 1 --

Vinyl chlorided 75-01-4 VOC 0.0018 0.0056 4.81E-09 7.20E-01 1 3.46E-09 20
Zinc 7440-66-6 0.10896358 0.0006 -(c) 1 -
Total ELCR 1.75E-08 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics.)

c Dermal absorption of nonvolatile chemicals is presented in tables D-5 and D-6
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

'for cis-1,2-dichloroethyelene the chemical-specific inputs are assummed to be the same as trans-1,2-dichloroethylene

for (m+p) xylenes and o-xyene the chemical-specific inputs are assummed to be the same as m-xylene
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
E PA/540/R//99/005 Risk Assessment Guidancefor Supefund Volume 1: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area-- Yakima Nation

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge condensed water

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4)

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Notion Exposure Scenariofor Hanford Site Risk Assessment.

Model assumes concentration of nonvolatiles in condensed water is equal to concentration in water used to create steam

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4, except as noted)

Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from liquid Ild. calculated mg/kg-day
Contaminant concentration in water Cdw contaminant-specific mg/L

Body surface area available for contact SA 1.8 m2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event ET 2 hr/event

Number of sweats per year EF 365 events/yr

Number of years a person sweats in a lifetime ED 68 yr

Average body weight' BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr

Conversion factor CF2 365 day/yr

Conversion factor CF3 10 L/m
2
-cm

' Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Caw95 UCL Kpb li(non-cancer) RfDoa GIABS' HQ %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOCa (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

(m+p)-Xylene' 179601-23-1 VOC 0.0005 0.053 --(c) 2.OOE-01 1 -

1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 0.013 -(c) 2.OOE+00 1 -

1,1-Dichloroethane 75-34-3 VOC 0.000389235 0.0067 -(c) 2.00E-01 1
1,1-Dichloroethene 75-35-4 VOC 0.000164225 0.012 -(c) 5.00E-02 1 -

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 -(c) 9.OOE-02 1 -

1,2-Dichloroethane 107-06-2 VOC 0.000305426 0.0042 --(c) 2.00E-02 1 -

1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 0.042 --(c) 7.00E-02 1 -

1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 -(c) 1.OE-01 1 -

2-Butanone 78-93-3 VOC 0.0029 0.00096 --(c) 6.OOE-01 1 -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 --(c) 8.00E-02 1 -

Acetoned 67-64-1 VOC 0.00128316 0.000512 -(c) 9.00E-01 1 -

Aluminum 7429-90-5 - 0.041755539 0.001 2.15E-05 1.OOE+O0 1 2.15E-05 0.015
Arsenic 7440-38-2 - 0.003060574 0.001 1.57E-06 3.OOE-04 1 5.25E-03 3.7
Barium 7440-39-3 - 0.068082679 0.001 3.50E-05 2.00E-01 0.07 2.50E-03 1.8
Benzene 71-43-2 VOC 0.0019 0.015 --(c) 4.OOE-03 1

Benzyl alcohold 100-51-6 SVOC 0.0027 0.00209 -(c) 1.OE-01 1
Beryllium 7440-41-7 -- 0.000360659 0.001 1.85E-07 2.OOE-03 0.007 1.32E-02 9.4
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 0.025 -(c) 2.00E-02 1
Cadmium 7440-43-9 - 0.0045 0.001 2.31E-06 5.OOE-04 0.05 9.26E-02 66
Carbon disulfide 75-15-0 VOC 0.00039 0.017 --(c) 1.OE-01 1 -

Carbon tetrachloride 56-23-5 VOC 0.000164414 0.016 --(c) 7.OOE-04 1
Chloride 16887-00-6 9.821328 0.001 5.05E-03 - 1
Chlorobenzene 108-90-7 VOC 0.00041 0.028 -(c) 2.OOE-02 1
Chloroform 67-66-3 VOC 0.00022061 0.0068 --(c) 1.OE-02 1 -

Chromium 7440-47-3 - 0.007505402 0.001 3.86E-06 1.50E+00 0.013 1.98E-04 0.14

cis-1,2-Dichloroethylenee 156-59-2 VOC 0.0002 0.0077 -(c) 1.OOE-02 1 --

Copper 7440-50-8 - 0.002993571 0.001 1.54E-06 4.OOE-02 1 3.85E-05 0.027
Fluoride 16984-48-8 - 0.32861624 0.001 1.69E-04 6.OOE-02 1 2.82E-03 2.0
Iron 7439-89-6 - 0.47301923 0.001 2.43E-04 7.OOE-01 1 3.48E-04 0.25
Lead 7439-92-1 - 0.000710361 0.0001 3.65E-08 1
Lithium 7439-93-2 - 0.0083 0.001 4.27E-06 2.OOE-03 1 2.13E-03 1.5
Manganese 7439-96-5 0.011254937 0.001 5.79E-06 2.40E-02 0.04 6.03E-03 4.3
Methanol 67-56-1 - 1.1 0.00032 1.81E-04 5.OOE-01 1 3.62E-04 0.26
Methylene chloride 75-09-2 VOC 0.000852962 0.0035 --(c) 6.00E-02 1

f'- M f'- 17
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Molybdenum 7439-98-7 - 0.0015 0.001 7.71E-07 5.OOE-03 1 1.54E-04 0.11
Nickel 7440-02-0 - 0.003603478 0.0002 3.71E-07 2.00E-02 0.04 4.63E-04 0.33
Nitrate 14797-55-8 - 23.756902 0.001 1.22E-02 7.10E+00 1 1.72E-03 1.2
Nitrite 14797-65-0 -- 0.079227256 0.001 4.07E-05 3.00E-01 1 1.36E-04 0.096

o-Xylene 95-47-6 VOC 0.000210551 0.054 --(c) 2.00E-01 1 -

Silver 7440-22-4 - 0.005341496 0.0006 1.65E-06 5.OOE-03 0.04 8.24E-03 5.9
Strontium 7440-24-6 - 0.36357229 0.001 1.87E-04 6.OOE-01 1 3.12E-04 0.22
Sulfate 14808-79-8 - 45.069738 0.001 2.32E-02 --

Tetrachloroethene 127-18-4 VOC 0.000993146 0.033 -(c) 1.OOE-02 1
Toluene 108-88-3 VOC 0.000274725 0.031 -(c) 8.OOE-02 1

Tributyl phosphate
0  

126-73-8 SVOC 0.040836371 0.0228 -(c) 2.OOE-01 1 --

Trichloroethene 79-01-6 VOC 0.000492361 0.012 -(c) - 1
Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 -(c) 3.00E-01 1
Uranium 7440-61-1 -- 0.01625113 0.001 8.36E-06 3.OOE-03 1 2.79E-03 2.0
Vanadium 7440-62-2 0.013487657 0.001 6.94E-06 5.00E-03 1 1.39E-03 0.99

Vinyl chloride' 75-01-4 VOC 0.0018 0.0056 -(c) 3.00E-03 1 -

Zinc 7440-66-6 - 0.10896358 0.0006 3.36E-05 3.00E-01 1 1.12E-04 0.080
Total 1.41E-01 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

e for cis-1,2-dichloroethyelene the chemical-specific inputs are assummed to be the same as trans-1,2-dichloroethylene

for (m+p) xylenes and o-xylene the chemical-specific inputs are assummed to be the same as m-xylene

- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).

H arris and H arper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.

HQ = hazard quotient.
SVOC = semivolatile organic compound.

VOC = volatile organice compound.

4 0
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL Kp bAi(cancer) CSFo' GIABS' Risk %

Far-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

(m+p)-Xylene' 179601-23-1 VOC 0.0005 0.053 --(c) 1 -

1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 0.013 --(c) -- 1

1,1-Dichloroethane 75-34-3 VOC 0.000389235 0.0067 --(c) - 1

1,1-Dichloroethene 75-35-4 VOC 0.000164225 0.012 --(c) 1

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 --(c) - 1

1,2-Dichloroethane 107-06-2 VOC 0.000305426 0.0042 --(c) 9.10E-02 1 -

1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 0.042 --(c) 5.40E-03 1

1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 -(c) 1.10E-02 1 -

2-Butanone 78-93-3 VOC 0.0029 0.00096 --(c) -- 1 -

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 --(c) -- 1 -

Acetone' 67-64-1 VOC 0.00128316 0.000512 -(c) - 1 --

Aluminum 7429-90-5 - 0.041755539 0.001 2.09E-05 - 1 --

Arsenic 7440-38-2 - 0.003060574 0.001 1.53E-06 1.50E+00 1 2.29E-06 100

Barium 7440-39-3 - 0.068082679 0.001 3.40E-05 0.07 -

Benzene 71-43-2 VOC 0.0019 0.015 -(c) 5.50E-02 1 -

Benzyl alcohold 100-51-6 SVOC 0.0027 0.00209 -(c) -- 1 --

Beryllium 7440-41-7 - 0.000360659 0.001 1.80E-07 - 0.007 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 0.025 -(c) 1.40E-02 1

Cadmium 7440-43-9 - 0.0045 0.001 2.25E-06 - 0.05 -

Carbon disulfide 75-15-0 VOC 0.00039 0.017 --(c) - 1 -

Carbon tetrachloride 56-23-5 VOC 0.000164414 0.016 -(c) 1.30E-01 1 --

Chloride 16887-00-6 - 9.821328 0.001 4.91E-03 -- 1

Chlorobenzene 108-90-7 VOC 0.00041 0.028 --(c) -- 1

Chloroform 67-66-3 VOC 0.00022061 0.0068 --(c) 3.10E-02 1
Chromium 7440-47-3 0.007505402 0.001 3.75E-06 - 0.013

cis-1,2-Dichloroethylene' 156-59-2 VOC 0.0002 0.0077 -(c) 1 -

Copper 7440-50-8 - 0.002993571 0.001 1.50E-06 -- 1 -

Fluoride 16984-48-8 - 0.32861624 0.001 1.64E-04 -- 1 -

Iron 7439-89-6 - 0.47301923 0.001 2.36E-04 -- 1 -

Lead 7439-92-1 - 0.000710361 0.0001 3.55E-08 1 --

Lithium 7439-93-2 - 0.0083 0.001 4.15E-06 - 1

Manganese 7439-96-5 - 0.011254937 0.001 5.62E-06 - 0.04 -

Methanol 67-56-1 -- 1.1 0.00032 1.76E-04 -- 1 -

Methylene chloride 75-09-2 VOC 0.000852962 0.0035 -(c) 7.50E-03 1

Molybdenum 7439-98-7 - 0.0015 0.001 7.49E-07 - 1

Nickel 7440-02-0 - 0.003603478 0.0002 3.60E-07 0.04 -

Nitrate 14797-55-8 - 23.756902 0.001 1.19E-02 -- 1

Nitrite 14797-65-0 - 0.079227256 0.001 3.96E-05 - 1

o-Xylene 95-47-6 VOC 0.000210551 0.054 --(c) 1 -

Silver 7440-22-4 - 0.005341496 0.0006 1.60E-06 -- 0.04 -

Strontium 7440-24-6 - 0.36357229 0.001 1.82E-04 - 1 --

Sulfate 14808-79-8 -- 45.069738 0.001 2.25E-02 - -

Tetrachloroethene 127-18-4 VOC 0.000993146 0.033 -(c) 5.40E-01 1 -

Toluene 108-88-3 VOC 0.000274725 0.031 --(c) - 1 -

Tributyl phosphate' 126-73-8 SVOC 0.040836371 0.0228 -(c) 9.20E-03 1 -

Trichloroethene 79-01-6 VOC 0.000492361 0.012 -(c) 8.90E-02 1

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 -(c) - 1 -

Uranium 7440-61-1 - 0.01625113 0.001 8.12E-06 - 1

Vanadium 7440-62-2 - 0.013487657 0.001 6.74E-06 - 1

Vinyl chlorided 75-01-4 VOC 0.0018 0.0056 -(c) 7.20E-01 1 --

Zinc 7440-66-6 - 0.10896358 0.0006 3.27E-05 - 1 -

Total ELCR 2.29E-06 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/Generic_Tables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics.)

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

' for cis-1,2-dichloroethyelene the chemical-specific inputs are assummed to be the same as trans-1,2-dichloroethylene

for (m+p) xylenes and o-xylene the chemical-specific inputs are assummed to be the same as m-xylene
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
H arris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.
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200-PO-1groundwater operable unit Native American Risk Assessment (10-Year)--near-field exposure area-- Yakima Nation

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4, except as noted)
Cdw values taken from ECF-200P01-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from vapor ld,v calculated mg/kg-day

Body surface area available for contact SA 1.8 m
2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event ET 2 hr/day
Number of sweats per year EF 365 days/yr
Exposure duration ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Contaminant concentration Cdw contaminant-specific mg/L
Molecular weight of water MWw 18 g/mole
Ideal gas law constant R 62.37 (mmHg-L)/(gmole-K)
Temperature of the sweat lodge T 338.7 K
Density of liquid water rhow 1000 g/L
Conversion factor CF2  365 day/yr

Conversion factor CF3 10 L/m2-cm

. Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit C5 95 UCL Kpb 1,,(non-cancer) RfDo GIABS' HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?' (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

(m+p)-Xylene 179601-23-1 VOC 0.0005 0.053 --(c) 2.00E-01 1 -

1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 0.013 --(c) 2.00E+00 1 --

1,1-Dichloroethane 75-34-3 VOC 0.000389235 0.0067 --(c) 2.00E-01 1 --

1,1-Dichloroethene 75-35-4 VOC 0.000164225 0.012 --(c) 5.00E-02 1 -

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 --(c) 9.OOE-02 1 -

1,2-Dichloroethane 107-06-2 VOC 0.000305426 0.0042 --(c) 2.OOE-02 1 --

1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 0.042 --(c) 7.00E-02 1 --

1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 --(c 1.OOE-01 1 --

2-Butanone 78-93-3 VOC 0.0029 0.00096 --(c) 6.00E-01 1 --

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 --(c) 8.00E-02 1 --

Acetone' 67-64-1 VOC 0.00128316 0.000512 --(c) 9.00E-01 1 -

Aluminum 7429-90-5 -- 0.041755539 0.001 3.52E-09 1.00E+00 1 3.52E-09 0.015
Arsenic 7440-38-2 0.003060574 0.001 2.58E-10 3.00E-04 1 8.60E-07 3.7
Barium 7440-39-3 0.068082679 0.001 5.74E-09 2.00E-01 0.07 4.10E-07 1.8
Benzene 71-43-2 VOC 0.0019 0.015 --(c) 4.OOE-03 1 --

Benzyl alcohold 100-51-6 SVOC 0.0027 0.00209 --(c) 1.OE-01 1 -

Beryllium 7440-41-7 0.000360659 0.001 3.04E-11 2.00E-03 0.007 2.17E-06 9.4
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 0.025 --(c) 2.00E-02 1 --

Cadmium 7440-43-9 -- 0.0045 0.001 3.79E-10 5.00E-04 0.05 1.52E-05 66
Carbon disulfide 75-15-0 VOC 0.00039 0.017 --(c) 1.00E-01 1 --

Carbon tetrachloride 56-23-5 VOC 0.000164414 0.016 --(c) 7.00E-04 1 --

Chloride 16887-00-6 -- 9.821328 0.001 8.28E-07 - 1 -

Chlorobenzene 108-90-7 VOC 0.00041 0.028 --(c) 2.00E-02 1 --

Chloroform 67-66-3 VOC 0.00022061 0.0068 --(c) 1.00E-02 1 --

Chromium 7440-47-3 -- 0.007505402 0.001 6.32E-10 1.50E+00 0.013 3.24E-08 0.14

cis-1,2-Dichloroethylene' 156-59-2 VOC 0.0002 0.0077 --(c) 1.OOE-02 1
Copper 7440-50-8 -- 0.002993571 0.001 2.52E-10 4.00E-02 1 6.31E-09 0.027
Fluoride 16984-48-8 -- 0.32861624 0.001 2.77E-08 6.00E-02 1 4.62E-07 2.0
Iron 7439-89-6 -- 0.47301923 0.001 3.99E-08 7.OOE-01 1 5.69E-08 0.25
Lead 7439-92-1 -- 0.000710361 0.0001 5.99E-12 -- 1 --

Lithium 7439-93-2 0.0083 0.001 6.99E-10 2.00E-03 1 3.50E-07 1.5
Manganese 7439-96-5 0.011254937 0.001 9.48E-10 2.40E-02 0.04 9.88E-07 4.3
Methanol 67-56-1 1.1 0.00032 2.97E-08 5.OOE-01 1 5.93E-08 0.26
Methylene chloride 75-09-2 VOC 0.000852962 0.0035 -- () 6.00E-02 1 --

Molybdenum 7439-98-7 - 0.0015 0.001 1.26E-10 5.00E-03 1 2.53E-08 0.11
Nickel 7440-02-0 0.003603478 0.0002 6.07E-11 2.00E-02 0.04 7.59E-08 0.33
Nitrate 14797-55-8 -- 23.756902 0.001 2.00E-06 7.10E+00 1 2.82E-07 1.2
Nitrite 14797-65-0 0.079227256 0.001 6.68E-09 3.OOE-01 1 2.23E-08 0.096

o-Xylene 95-47-6 VOC 0.000210551 0.054 --(c) 2.OOE-01 1 -

Silver 7440-22-4 - 0.005341496 0.0006 2.70E-10 5.00E-03 0.04 1.35E-06 5.9
Strontium 7440-24-6 -- 0.36357229 0.001 3.06E-08 6.00E-01 1 5.11E-08 0.22
Sulfate 14808-79-8 -- 45.069738 0.001 3.80E-06 -- -

Tetrachloroethene 127-18-4 VOC 0.000993146 0.033 --(c) 1.00E-02 1 -

Toluene 108-88-3 VOC 0.000274725 0.031 --(c) 8.00E-02 1 -

Tributyl phosphate
5  

126-73-8 SVOC 0.040836371 0.0228 --(c) 2.00E-01 1 -

Trichloroethene 79-01-6 VOC 0.000492361 0.012 -(c) - 1 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 --(c) 3.00E-01 1 -

Uranium 7440-61-1 -- 0.01625113 0.001 1.37E-09 3.00E-03 1 4.56E-07 2.0
Vanadium 7440-62-2 -- 0.013487657 0.001 1.14E-09 5.00E-03 1 2.27E-07 0.99

Vinyl chloride
5  

75-01-4 VOC 0.0018 0.0056 --(c) 3.00E-03 1 -

Zinc 7440-66-6 -- 0.10896358 0.0006 5.51E-09 3.00E-01 1 1.846-08 0.080
Total 2.31E-05 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Dermal Absorption of volatiles is presented in table D-4
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
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for cis-1,2-dichloroethyelene the chemical-specific inputs are assummed to be the same as trans-1,2-dichloroethylene

for (m+p) xylenes and o-xylene the chemical-specific inputs are assummed to be the same as m-xylene
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
E PA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, ExposureScenario for CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.
HQ = hazard quotient.

SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1Groundwater Operable Unit C, 95 UCL Kpb lA,(cancer) CSFoa GIABS' Risk %

(mg/kg-day)

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?" (mg/L) (cm/hr) (mg/kg-day) (unitless) (unitless) Contribution

(m+p)-Xylene' 179601-23-1 VOC 0.0005 0.053 -(c) 1 -

1,1,1-Trichloroethane 71-55-6 VOC 0.001204711 0.013 --(c) -- 1

1,1-Dichloroethane 75-34-3 VOC 0.000389235 0.0067 --(c) - 1 --

1,1-Dichloroethene 75-35-4 VOC 0.000164225 0.012 --(c) -- 1 --

1,2-Dichlorobenzene 95-50-1 VOC 0.003 0.041 --(c) -- 1 --

1,2-Dichloroethane 107-06-2 VOC 0.000305426 0.0042 -- c) 9.10E-02 1 --

1,4-Dichlorobenzene 106-46-7 VOC 0.000130994 0.042 -c) 5.40E-03 1 --

1,4-Dioxane 123-91-1 SVOC 0.0081 0.00033 --(c) 1.10E-02 1 -

2-Butanone 78-93-3 VOC 0.0029 0.00096 -- c) -- 1 --

2-Pentanone, 4-Methyl 108-10-1 VOC 0.00064 0.0027 --(c) -- 1 --

Acetoned 67-64-1 VOC 0.00128316 0.000512 --(c) -- 1 --

Aluminum 7429-90-5 -- 0.041755539 0.001 3.42E-09 -- 1 --

Arsenic 7440-38-2 -- 0.003060574 0.001 2.51E-10 1.50E+00 1 3.76E-10 100
Barium 7440-39-3 0.068082679 0.001 5.57E-09 -- 0.07 --

Benzene 71-43-2 VOC 0.0019 0.015 --(c) 5.50E-02 1 -

Benzyl alcohol' 100-51-6 SVOC 0.0027 0.00209 --(c) - 1 -

Beryllium 7440-41-7 0.000360659 0.001 2.95E-11 -- 0.007 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.001271216 0.025 --(c) 1.40E-02 1 -

Cadmium 7440-43-9 -- 0.0045 0.001 3.68E-10 - 0.05 --

Carbon disulfide 75-15-0 VOC 0.00039 0.017 -(c) - 1 -

Carbon tetrachloride 56-23-5 VOC 0.000164414 0.016 --(c) 1.30E-01 1 -

Chloride 16887-00-6 9.821328 0.001 8.04E-07 -- 1 --

Chlorobenzene 108-90-7 VOC 0.00041 0.028 --(c) -- 1 --

Chloroform 67-66-3 VOC 0.00022061 0.0068 --(c) 3.10E-02 1 -

Chromium 7440-47-3 -- 0.007505402 0.001 6.14E-10 -- 0.013 --

cis-1,2-Dichloroethylene' 156-59-2 VOC 0.0002 0.0077 -(c) - 1 -

Copper 7440-50-8 0.002993571 0.001 2.45E-10 - 1 -

Fluoride 16984-48-8 0.32861624 0.001 2.69E-08 - 1 -

Iron 7439-89-6 0.47301923 0.001 3.87E-08 -- 1 -

Lead 7439-92-1 0.000710361 0.0001 5.82E-12 -- 1 --

Lithium 7439-93-2 -- 0.0083 0.001 6.79E-10 - 1 -

Manganese 7439-96-5 -- 0.011254937 0.001 9.21E-10 -- 0.04 -

Methanol 67-56-1 -- 1.1 0.00032 2.88E-08 -- 1
Methylene chloride 75-09-2 VOC 0.000852962 0.0035 -(c) 7.50E-03 1 -

Molybdenum 7439-98-7 0.0015 0.001 1.23E-10 - 1 -

Nickel 7440-02-0 - 0.003603478 0.0002 5.90E-11 - 0.04 -

Nitrate 14797-55-8 23.756902 0.001 1.94E-06 -- 1 -

Nitrite 14797-65-0 0.079227256 0.001 6.49E-09 -- 1 -

o-Xylene' 95-47-6 VOC 0.000210551 0.054 --(c) - 1 -

Silver 7440-22-4 -- 0.005341496 0.0006 2.62E-10 - 0.04 -

Strontium 7440-24-6 0.36357229 0.001 2.98E-08 I--
Sulfate 14808-79-8 -- 45.069738 0.001 3.69E-06 -- -

Tetrachloroethene 127-18-4 VOC 0.000993146 0.033 -- c) 5.40E-01 1 -

Toluene 108-88-3 VOC 0.000274725 0.031 -(c) - 1 -

Tributyl phosphate' 126-73-8 SVOC 0.040836371 0.0228 --(c) 9.20E-03 1 -

Trichloroethene 79-01-6 VOC 0.000492361 0.012 --(c) 8.90E-02 1 -

Trichloromonofluoromethane 75-69-4 VOC 0.00058 0.013 -c) - 1 -

Uranium 7440-61-1 -- 0.01625113 0.001 1.33E-09 - 1 -

Vanadium 7440-62-2 0.013487657 0.001 1.10E-09 - 1 -

Vinyl chlorided 75-01-4 VOC 0.0018 0.0056 --(c) 7.20E-01 1 -

Zinc 7440-66-6 -- 0.10896358 0.0006 5.35E-09 -- 1 --

Total ELCR 3.76E-10 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/Generic Tables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics.)

Dermal Absorption of volatiles is presented in table D-4
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

' for cis-1,2-dichloroethyelene the chemical-specific inputs are assummed to be the same as trans-1,2-dichloroethylene

for (m+p) xylenes and o-xylene the chemical-specific inputs are assummed to be the same as m-xylene
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume f: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC contaminant of potential concern.
ELCR excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area -- Yakima Nation

Cancer risk from inhalation of volatile radioactive contaminants in sweat lodge vapor
Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1, except as noted)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake 'inh calculated pCi
Contaminant concentration in water Cd, contaminant-specific pCi/L

Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Inhalation rate' IR 26 m3/day

Length of sweat eventb ET 0.083 day/event (2hr/24hr)
Number of sweats per year EF 365 days/yr
Number of years a person sweats in a lifetime ED 68 yr

a Ridolfi (2007, Table 7).
b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Cancer risk calculation

200-PO-1 Groundwater Operable Unit C,, 95 UCL liMn SFib Risk %

Far-Field Exposure Area Radioactive COPC CAS # Volatile?a )pCi/L) (pCi) (Risk/pCi) (unitiess) Contribution
Carbon-14 14762-75-5 - 15.2 --(c) 7.07E-12 -

Gross alpha 12587-46-1 - 5.9880167 --(c) -- --

Gross beta 12587-47-2 - 26.717649 --(c) -

Iodine-129 15046-84-1 - 1.7529182 --(c) 6.07E-11 --

Nickel-63 13981-37-8 - 7.66125 --(c) 1.64E-12
Protactinium-231 14331-85-2 - 0.308 --(c) 4.55E-08 -

Strontium-90 10098-97-2 - 0.611 --(c) 1.05E-10 --

Technetium-99 14133-76-7 75.671084 --(c) 1.41E-11 --
Tritium 10028-17-8 Yes 497899.63 2.56E+10 5.62E-14 1.44E-03 100
Total ELCR 1.44E-03 100

b Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).

Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of nonvolatile contaminants is presented in Table D-8
- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R-92/003 Risk Assessment Guidance for Superfund: Volume I --Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Far-field exposure area-- Yakima Nation

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Notion Exposure Scenario for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)

Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Inhalation intake lnh calculated pCi
Contaminant concentration in water Cw contaminant-specific pCi/L
Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Inhalation rate' IR 26 m3/day

Length of sweat eventb ET 0.083 day/event (2hr/24hr)
Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr
Molecular weight of water MWw 18 g/mole
Density of liquid water rhow 1000 g/L
Temperature of the sweat lodge T 338.7 K

ideal gas law constant R 0.06237 (mmHg*m 3 )/gmole*K)
' Ridolfi (2007, Table 7).
b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Cancer risk calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL ISh 5Fi Risk %

Far-Field Exposure Area Radioactive COPC CAS # Volatile?' (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution
Carbon-14 14762-75-5 15.2 1.34E+05 7.07E-12 9.47E-07 0.70
Gross alpha 12587-46-1 -- 5.9880167 5.28E+04 -- --

Gross beta 12587-47-2 -- 26.717649 2.35E+05 - -

lodine-129 15046-84-1 - .7529182 1,54E+04 6.07E-11 9.38E-07 0.69
Nickel-63 13981-37-8 - 7.66125 6.75E+04 1.64E-12 1.11E-07 0.082
Protactinium-231 14331-85-2 -- 0.308 2.71E+03 4.55E-08 1.23E-04 91
Strontium-90 10098-97-2 - 0.611 5.38E+03 1.05E-10 5.65E-07 0.42
Technetium-99 14133-76-7 -- 75.671084 6.67E+05 1.41E-11 9.40E-06 6.9
ritium 10028-17-8 Yes 497899.63 -(0c 5.62E-14 -

Total ELCR 1.35E-04 100
Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).

b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of volatile contaminants in presented in table D-7
- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R-92/003 Risk Assessment Guidance for Superfund: Volume I -- Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (10-Year)-Summary of Yakima Nationa Sweat Lodge Exposure Scenario Noncancer Haza rd Results for Nonradioactive COPCs in Groundwater.
HQ (Inhalation) HQ (Dermal, Vapor, HQ (Dermal, Liquid, HQ (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? HQ (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total HI %

Concentration (mg/L) (unitless) (unitiess) (unitless) (unitless) (unitless) (unitless) Contribution

1,2,3,4,6,7,8-
Heptachlorodibenzodioxin 3.734E-09 -- - - - - -

1,2,3,4,6,7,8-
Heptachlorodibenzofuran 5.6E-09- -- - --

1,2,3,4,7,8-
Hexachlorodibenzofuran 2.9E-09 -- - -

1,2,3,6,7,8-
Hexachlorodibenzofuran 2.1E-09 - -- -- - --

1,2-Dichloroethane 0.00064 VOC 2.76E-05 6.60E-08 - - 2.77E-05 2.82E-05

2,3,4,6-Tetrachlorophenol 0.0077 SVOC -- 8.95E-06 - 8.95E-06 9.12E-06

2-Methyphenol (cresol, o-) 0.0075 SVOC 1.29E-03 -- 5.67E-07 - 1.29E-03 0.0013
4-Nitrophenol 0.0072 SVOC - - 2.12E-06 -- 2.12E-06 2.16E-06

Aluminum 0.11217909 - - 3.98E-01 - 5.77E-05 9.45E-09 3.98E-01 0.41

Arsenic 0.005765062 - 6.82E+0 - 9.88E-03 1.62E-06 6.83E+00 7.0

Barium 0.052626075 - - 1.87E+00 -- 1.93E-03 3.17E-07 1.87E+00 1.9
Beryllium 0.00034431 - 3.06E-01 1.26E-02 2.07E-06 3.18E-01 0.32

Bis(2-ethyihexyi) phthalate 0.011 SVOC - 6.75E-06 - - 6.75E-06 6.88E-06
Cadmium 0.018 - - 3.20E+01 3.70E-01 6.07E-05 3.23E+01 33

Carbon tetrachloride 0.0018 VOC 9.80E-04 - 2.02E-05 - 1.OOE-03 0.0010

Chloride 11.439962 - -- - - -

Chloroform 0.00038106 VOC 4.02E-04 1.27E-07 - 4.02E-04 4.10E-04

Chromium 0.015609389 - - - - 4.12E-04 6.75E-08 4.12E-04 4.20E-04

Cobalt 0.004378857 -- - 1.30E+01 3.OOE-03 4.92E-07 1.30E+01 13

Copper 0.004482187 - - 5.76E-05 9.44E-09 5.76E-05 5.87E-05

Dinoseb(2-secButyl-4,6-
dinitrophenol) 0.005506461 SVOC -- 4.41E-05 -- 4.41E-05 4.49E-05

Fluoride 0.31715504 -- 4.33E-01 - 2.72E-03 4.45E-07 4.36E-01 0.44

Hexavalent Chromium 0.191 - 3.39E+01 - 2.62E+00 4.29E-04 3.65E+01 37

Iron 0.14355212 - 1.05E-04 1.73E-08 1.05E-04 1.08E-04

Lead 0.00142074 - - -- - -- -

Manganese 0.009635007 3.42E+00 - 5.16E-03 8.46E-07 3.43E+00 3.5

Nickel 0.010760715 -- - 2.12E+00 - 1.38E-03 2.27E-07 2.12E+00 2.2

Nitrate 31.205071 - - 2.26E-03 3.70E-07 2.26E-03 0.0023
Nitrite 0.034429846 -- - - - 5.90E-05 9.67E-09 5.90E-05 6.02E-05

Nitrogen in Nitrite and
Nitrate 14.7 - - - - 4.73E-03 7.74E-07 4.73E-03 0.0048

Octachlorodibenzofuran 9.9649E-09 - - - - - -- -

Octachlorodibenzo-p-dioxin 5.6857E-09 - -- - - - - -

Silver 0.005650889 - - -- - 8.72E-03 1.43E-06 8.72E-03 0.0089
Strontium 0.26495344 - - -- 2.27E-04 3.72E-08 2.27E-04 2.32E-04

Sulfate 56.164035 -- - --

Toluene 0.000065 VOC 1.34E-06 - 1.24E-08 - -- 1.36E-06 1.38E-06

Total petroleum
hydrocarbons - gasoline
range 0.05 - - - -

Trichloroethene 0.000570461 VOC 1.69E-03 - -- - 1.69E-03 0.0017

Uranium 0.014879201 - 8.80E-01 - 2.55E-03 4.18E-07 8.83E-01 0.90

Vanadium 0.021937779 - - - - 2.26E-03 3.70E-07 2.26E-03 0.0023
Zinc 0.092316084 - - - 9.50E-05 1.56E-08 9.50E-05 9.68E-05

Total 4.39E-03 95.06 8.29E-05 3.05 0.00 98.12 100
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a Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in groundwater used to make steam. Evaluation performed using steam
model from CTUIR sweat lodge scenario (Harris and Harper 2004).
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper 2004, Exposure Scenorio for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ = hazard quotient.
HI = hazard index.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (10-Year)-Summary of Yakima Nationa Sweat Lodge Exposure Scenario Cancer Risk Results for Nonradioactive COPCs in Groundwater.
Risk (Inhalation) Risk (Dermal, Vapor, Risk (Dermal, Liquid, Risk (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? Risk (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total Risk %
Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution

1,2,3,4,6,7,8-
Heptachlorodibenzodioxin 3.734E-09 - - 2.45E-08 - 2.45E-08 8.79E-06

1,2,3,4,6,7,8-
Heptachlorodibenzofuran 5.6E-09 - - 3.67E-08 5.27E-06 8.64E-10 5.31E-06 0.0019

1,2,3,4,7,8-

HexachIorodibenzofuran 2.9E-09 - 1.90E-07 -- 4.24E-05 6.94E-09 4.26E-05 0.015

1,2,3,6,7,8-
Hexachlorodibenzofuran 2.1E-09 -- - 1.38E-07 3.07E-05 5.03E-09 3.08E-05 0.011
1,2-Dichloroethane 0.00064 VOC 1.67E-06 - 1.17E-10 - - 1.67E-06 6.01E-04

2,3,4,6-Tetrachlorophenol 0.0077 SVOC - -

2-Methylphenol (cresol, o-) 0.0075 SVOC - ---

4-Nitrophenol 0.0072 SVOC -- --

Aluminum 0.11217909 -- -- - -

Arsenic 0.005765062 - - 4.27E-04 - 4.32E-06 7.08E-10 4.32E-04 0.16
Barium 0.052626075 - -- -

Beryllium 0.00034431 - -- 1.42E-05 - - 1.42E-05 0.0051

Bis(2-ethylhexyl) phthalate 0.011 SVOC 2.65E-06 - 1.84E-09 - 2.65E-06 9.53E-04
Cadmium 0.018 - - 5.59E-04 - - 5.59E-04 0.20
Carbon tetrachloride 0.0018 VOC 2.71E-06 - 1.79E-09 - 2.72E-06 9.75E-04
Chloride 11.439962 - - -
Chloroform 0.00038106 VOC 8.81E-07 - 3.83E-11 - 8.81E-07 3.16E-04
Chromium 0.015609389 - - - -

Cobalt 0.004378857 - - 6.80E-04 - - 6.80E-04 0.24
Copper 0.004482187 - - - - -

Dinoseb(2-secButyl-4,6-

dinitrophenol) 0.005506461 SVOC - - - -

Fluoride 0.31715504 -- - - - - - -

Hexavalent Chromium 0.191 - - 2.77E-01 - - - 2.77E-01 99
Iron 0.14355212 - - -

Lead 0.00142074 - - -

Manganese 0.009635007 -- - - - - - -

Nickel 0.010760715 - 4.82E-05 -- - 4.82E-05 0.017
Nitrate 31.205071 - - - - -

Nitrite 0.034429846 - - - -- -- -

Nitrogen in Nitrite and
Nitrate 14.7- --

Octachlorodibenzofuran 9.9649E-09 - - 1.96E-09 - 5.11E-07 8.37E-11 5.13E-07 1.84E-04

Octachlorodibenzo-p-dioxin 5.6857E-09 - - 1.12E-09 1.29E-07 2.11E-11 1.30E-07 4.66E-05
Silver 0.005650889 -- - -- -

Strontium 0.26495344 - -

Sulfate 56.164035 -- - - -

Toluene 0.000065 VOC -- - -

Total petroleum
hydrocarbons - gasoline
range 0.05 - - - --

Trichloroethene 0.000570461 VOC 1.43E-06 2.91E-10 - 1.43E-06 5.15E-04
Uranium 0.014879201 - -

Vanadium 0.021937779 - - -

Zinc 0.092316084 -- - -

Total ELCR 9.35E-06 2.78E-01 4.07E-09 8.33E-05 1.36E-08 2.78E-01 100

' Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in groundwater used to make steam. Evaluation performed using steam
model from CTUIR sweat lodge scenario (Harris and Harper 2004).
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- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and H arper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 Groundwater Operable Unit Near-Field Exposure Area Native American Risk Assessment (10-Year)-Summary of Yakima Nation Sweat Lodge Exposure Scenario Cancer Risk Results for Radioactive COPCs in
Groundwater.

Risk (Inhalation)

COPC 95 UCL Groundwater Volatile? Risk (Inhalation) (Volatiles) (Nonvolatiles) Risk (Dermal) Total Risk %

Concentration (pCi/L) (unitless) (unitless) (unitless) (unitless) Contribution

Gross alpha 4.8703439 No - --

lodine-129 3.1689247 No - 1.69E-06 - 1.69E-06 0.2

Plutonium-239/240 0.029 No - 8.51E-06 - 8.51E-06 1.0

Protactinium-231 0.28 No - 1.12E-04 1.12E-04 12.8

Strontium-90 4.5802399 No 4.24E-06 - 4.24E-06 0.5

Technetium-99 1567.7398 No -- 1.95E-04 - 1.95E-04 22

Tritium 192557.5 Yes 5.56E-04 5.56E-04 63

Total ELCR 5.56E-04 3.21E-04 - 8.77E-04 100
a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.

- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Harris and Harper 2004, Exposure Scenorio for CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)-Near-field exposure area-- Yakima Nation

Hazard quotient and cancer risk from inhalation of VOCs/SVOCs in sweat lodge vapor
Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yokomo Notion Exposure Scenario for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1, except as noted)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake 1,0 calculated mg/kg-day

Contaminant concentration in water Cdw contaminant-specific mg/L
Volume of water used ina sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation rate' IR 26 m
5
/day

Length of sweat event ET 0.083 day/event (2hr/24hr)

Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr

Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr
Conversion factor CF 365 day/yr

a Ridolfi (2007, Table 7).

Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit T Cua95UCL linh(non-cancer) RfCi" ( RfDi HQG%

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) { (mg/m
3
) (mg/kg-day) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin

1,2,3,4,6,7,8-Heptachlorodibenzofuran
1,2,3,4,7,8-Hexachlorodibenzofuran
1,2,3,6,7,8-Hexachlorodibenzofuran

1,2-Dichoroethane
2,3,4,6-Tetrachlorophenol
2-Methylphenol (cresol, o-)

4-Nitrophenol
Aluminum
Arsenic

Barium
Beryllium
Bis(2-ethylhexyl) phthalate

Cadmium
Carbon tetrachloride
Chloride

Chloroform
Chromium
Cobalt
Copper

Dinoseb(2-secButyl-4,6-dinitrophenol)
Fluoride

Hexavalent Chromium
Iron

Lead
Manganese

Nickel
Nitrate
Nitrite

Nitrogen in Nitrite and Nitrate
Octachlorodibenzofuran
Octachlorodibenzo-p-dioxin

Silver
Strontium

Sulfate

35822-46-9
67562-39-4
70648-26-9
57117-44-9

107-06-2
58-90-2
95-48-7
100-02-7

7429-90-5
7440-38-2

7440-39-3
7440-41-7
117-81-7

7440-43-9
56-23-5

16887-00-6
67-66-3

7440-47-3
7440-48-4
7440-50-8

88-85-7
16984-48-8
18540-29-9
7439-89-6
7439-92-1
7439-96-5
7440-02-0

14797-55-8
14797-65-0
N02+NO3-N
39001-02-0
3268-87-9
7440-22-4
7440-24-6

14808-79-8

VOC
SVOC
SVOC
SVOC

SVOC

VOC

VOC

SVOC

3.734E-09
5.6E-09
2.9E-09
2.1E-09
0.00064
0.0077
0.0075
0.0072

0.11217909
0.005765062
0.052626075
0.00034431

0.011
0.018

0.0018
11.439962

0.00038106
0.015609389
0.004378857
0.004482187
0.005506461
0.31715504

0.191
0.14355212
0.00142074

0.009635007
0.010760715

31.205071
0.034429846

14.7
9.9649E-09
5.6857E-09

0.005650889
0.26495344
56.164035

-)c

-(c)
-(c)

1.89E-05
2.28E-04
2.22E-04
2.13E-04

--(c)
3.25 E-04

5.32E-OS

1.13E-05

1.63E-04

2.40E+00

6.OOE-01

5.OOE-03
1.50E-05
5.00E-04

2.OOE-05

1.OOE-05

1.90E-01

9.80E-02

6.00E-06

1.30E-02
1.00E-04

5.00E-05

9.OOE-05

6.86E-01

1.71E-01

1.43E-03

4.29E-06
1.43E-04

5.71E-06

2.86E-06
5.43E-02

2.80E-02

1.71E-06

3.71E-03
2.86E-05

1.43E-05
2.57E-05

2.76E-05

1.29E-03

9.80E-04

4.02E-04

0.63

29

22

9.2
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Toluene 108-88-3 VOC 0.000065 1.92E-06 5.00E+00 1.43E+00 1.34E-06 0.031
Total petroleum hydrocarbons - gasoline range TPHGASOLINE -- 0.05 -(c) -- --

Trichloroethene 79-01-6 VOC 0.000570461 1.69E-05 3.50E-02 1.OOE-02 1.69E-03 38
Uranium 7440-61-1 -- 0.014879201 --(c) 3.00E-04 8.57E-05 --

Vanadium 7440-62-2 -- 0.021937779 --(c) -- -- --

Zinc 7440-66-6 - 0.092316084 --(c) -- -- --

Total 4.39E-03 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

Inhalation of nonvolatile chemicals is presented in Table D-11
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1Groundwater Operable Unit C 95 UCL Iinh(cancer) IUR' SFi' Risk %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (pg/m
3
)' (kg-day/mg) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 - 3.734E-09 --(c) 3.80E-01 1.33E+03 --

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 - 5.6E-09 -(c) 3.80E-01 1.33E+03 --

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 -- 2.9E-09 --(c) 3.80E+00 1.33E+04 --

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 -- 2.1E-09 -(c) 3.80E+00 1.33E+04 -

1,2-Dichloroethane 107-06-2 VOC 0.00064 1.84E-05 2.60E-05 9.10E-02 1.67E-06 18
2,3,4,6-Tetrachlorophenol 58-90-2 SVOC 0.0077 2.21E-04 -- - --

2-Methylphenol (cresol, o-) 95-48-7 SVOC 0.0075 2.15E-04 -- - -

4-Nitrophenol 100-02-7 SVOC 0.0072 2.07E-04 -- - --

Aluminum 7429-90-5 - 0.11217909 --(c) -- - --

Arsenic 7440-38-2 - 0.005765062 --(c) 4.30E-03 1.51E+01 -

Barium 7440-39-3 -- 0.052626075 --(c) -- -- --

Beryllium 7440-41-7 - 0.00034431 --(c) 2.40E-03 8.40E+00 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 3.16E-04 2.40E-06 8.40E-03 2.65E-06 28
Cadmium 7440-43-9 - 0.018 --(c) 1.80E-03 6.30E+00 -

Carbon tetrachloride 56-23-5 VOC 0.0018 5.17E-05 1.50E-05 5.25E-02 2.71E-06 29
Chloride 16887-00-6 - 11.439962 --(c) -- - -

Chloroform 67-66-3 VOC 0.00038106 1.09E-05 2.30E-05 8.05E-02 8.81E-07 9.4
Chromium 7440-47-3 - 0.015609389 --(c) -- --

Cobalt 7440-48-4 - 0.004378857 --(c) 9.00E-03 3.15E+01 -

Copper 7440-50-8 - 0.004482187 --(c) - --

Dinoseb(2-secButyl-4,6-dinitrophenol) 88-85-7 SVOC 0.005506461 1.58E-04 --

Fluoride 16984-48-8 -- 0.31715504 --(c) - --

Hexavalent Chromium 18540-29-9 - 0.191 --(c) 8.40E-02 2.94E+02 -

Iron 7439-89-6 - 0.14355212 --(c) -- - -

Lead 7439-92-1 0.00142074 -- (c)
Manganese 7439-96-5 -- 0.009635007 --(c) - -- -

Nickel 7440-02-0 0.010760715 -- (c) 2.60E-04 9.10E-01 -

Nitrate 14797-55-8 - 31.205071 --(c) - -- -

Nitrite 14797-65-0 -- 0.034429846 --(c) - -- --

Nitrogen in Nitrite and Nitrate N02+NO3-N - 14.7 --(c)- --

Octachlorodibenzofuran 39001-02-0 9.9649E-09 -- (c) 1.14E-02 3.99E+01 --

Octachlorodibenzo-p-dioxin 3268-87-9 -- 5.6857E-09 --(c) 1.14E-02 3.99E+01 -

Silver 7440-22-4 - 0.005650889 --(c) - --

Strontium 7440-24-6 0.26495344 -- (c) - -

Sulfate 14808-79-8 -- 56.164035 --(c) -- -

Toluene 108-88-3 VOC 0.000065 1.87E-06 -- -

Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 --(c) - --

Trichloroethene 79-01-6 VOC 0.000570461 1.64E-05 2.50E-05 8.75E-02 1.43E-06 15
Uranium 7440-61-1 0.014879201 --(c) -- --

Vanadium 7440-62-2 -- 0.021937779 --(c) -- --

Zinc 7440-66-6 1 0.092316084 --(c) -- --

Total ELCR 9.35E-06 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SHi (kg-day/mg) = IUR (m3/ug) xl/20 (m3/day) x70 (kg) x 1000 (ug/mg).

Inhalation of nonvolatile chemicals is presented in Table D-11
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

COPC contaminant of potential concern.
ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)-Near-field exposure area -- Yakima Nation

Hazard quotient and cancer risk from inhalation of nonvolatiles in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakamo Notion Exposure Scenariofor Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in

groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lfeways
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 2, except as noted)
Cdw values taken from ECF-200P01-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake lmh calculated mg/kg-day

Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m3)/gmole*K)

Inhalation rate' IR 26 m /day

Length of sweat eventb ET 0.083 day/event (2hr/24hr)

Number of sweats per year EF 365 days/yr
Exposure duration ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion Factor CF 365 day/yr
Contaminant concentration Cdw contaminant-specific mg/L
Molecular weight of water MWw 18 g/mole
Density of liquid water rhow 1000 g/L

' Ridolfi (2007, Table 7).

b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL Id,(non-cancer) RfCia RfDi HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (mg/kg-day) (mg/m) (mg/kg-day) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 - 3.734E-09 1.89E-11 -- - --

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 -- 5.6E-09 2.84E-11 - -- --

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 -- 2.9E-09 1.47E-11 -- -- --

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 2.1E-09 1.07E-11 -- --

1,2-Dichloroethane 107-06-2 VOC 0.00064 --(c) 2.40E+00 6.86E-01 --

2,3,4,6-Tetrachlorophenol 58-90-2 SVOC 0.0077 -(c) -- -- --

2-Methylphenol (cresol, o-) 95-48-7 SVOC 0.0075 --(c) 6.OOE-01 1.71E-01 --

4-Nitrophenol 100-02-7 SVOC 0.0072 --(c) -- --

Aluminum 7429-90-5 -- 0.11217909 5.69E-04 5.OOE-03 1.43E-03 3.98E-01 0.42
Arsenic 7440-38-2 -- 0.005765062 2.92E-05 1.50E-05 4.29E-06 6.82E+00 7.2
Barium 7440-39-3 -- 0.052626075 2.67E-04 5.OOE-04 1.43E-04 1.87E+00 2.0
Beryllium 7440-41-7 -- 0.00034431 1.75E-06 2.OOE-05 5.71E-06 3.06E-01 0.32
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 --(c) -- --

Cadmium 7440-43-9 -- 0.018 9.13E-05 1.OOE-05 2.86E-06 3.20E+01 34

Carbon tetrachloride 56-23-5 VOC 0.0018 --(c) 1.90E-01 5.43E-02 --

Chloride 16887-00-6 -- 11.439962 5.80E-02 -- --

Chloroform 67-66-3 VOC 0.00038106 --(c) 9.80E-02 2.80E-02 --

Chromium 7440-47-3 -- 0.015609389 7.92E-05 -- -- --

Cobalt 7440-48-4 -- 0.004378857 2.22E-05 6.OOE-06 1.71E-06 1.30E+01 14
Copper 7440-50-8 -- 0.004482187 2.27E-05 -- -- --

Dinoseb(2-secButyl-4,6-dinitrophenol) 88-85-7 SVOC 0.005506461 --(c) - -- --

Fluoride 16984-48-8 -- 0.31715504 1.61E-03 1.30E-02 3.71E-03 4.33E-01 0.46
Hexavalent Chromium 18540-29-9 0.191 9.69E-04 1.OOE-04 2.86E-05 3.39E+01 36
Iron 7439-89-6 -- 0.14355212 7.28E-04 -- -- --

Lead 7439-92-1 -- 0.00142074 7.21E-06 -- -- --

Manganese 7439-96-5 -- 0.009635007 4.89E-05 5.OOE-05 1.43E-05 3.42E+00 3.6
Nickel 7440-02-0 -- 0.010760715 5.46E-05 9.OOE-05 2.57E-05 2.12E+00 2.2
Nitrate 14797-55-8 31.205071 1.58E-01 -- - --

Nitrite 14797-65-0 -- 0.034429846 1.75E-04 - -

Nitrogen in Nitrite and Nitrate N02+NO3-N -- 14.7 7.46E-02 --

Octachlorodibenzofuran 39001-02-0 -- 9.9649E-09 5.05E-11 --

Octachlorodibenzo-p-dioxin 3268-87-9 -- 5.6857E-09 2.88E-11 -- -- --

Silver 7440-22-4 -- 0.005650889 2.87E-05 -- - --

Strontium 7440-24-6 -- 0.26495344 1.34E-03 -- -- --

Sulfate 14808-79-8 -- 56.164035 2.85E-01 -- -- --

Toluene 108-88-3 VOC 0.000065 --(c) 5.OOE+00 1.43E+00 --

Total petroleum hydrocarbons - gasoline range TPHGASOLINE 0.05 2.54E-04 -- -- --

Trichloroethene 79-01-6 VOC 0.000570461 --(c) 3.50E-02 1.00E-02 --

Uranium 7440-61-1 -- 0.014879201 7.55E-05 3.OOE-04 8.57E-05 8.80E-01 0.93
Vanadium 7440-62-2 -- 0.021937779 1.11E-04 -- -- --

Zinc 7440-66-6 -- 0.092316084 4.68E-04 - -- --

Total 95.1 100
" EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/Generic_Tables/index.htm

SInhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

Inhalation of volatile compounds in vapor is presented in Table D-10
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
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HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cdw 95 UCL lII(cancer) IUR' SFib Risk %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (mg/kg-day) (pg/m)-' (kg-day/mg) (unitless) Contribution
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 -- 3.734E-09 1.84E-11 3.80E-01 1.33E+03 2.45E-08 8.79E-06
1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 -- 5.6E-09 2.76E-11 3.80E-01 1.33E+03 3.67E-08 1.32E-05
1,2,3,4,7,8- Hexachlorodibenzofuran 70648-26-9 -- 2.9E-09 1.43E-11 3.80E+00 1.33E+04 1.90E-07 6.83E-05
1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 -- 2.1E-09 1.03E-11 3.80E+00 1.33E+04 1.38E-07 4.94E-05
1,2-Dichloroethane 107-06-2 VOC 0.00064 --(c) 2.60E-05 9.10E-02 --

2,3,4,6-Tetrachlorophenol 58-90-2 SVOC 0.0077 --(c) --

2-Methylphenol (cresol, o-) 95-48-7 SVOC 0.0075 --(c) -- --

4-Nitrophenol 100-02-7 SVOC 0.0072 --(c) -- -- --

Aluminum 7429-90-5 -- 0.11217909 5.53E-04 -- -- --

Arsenic 7440-38-2 -- 0.005765062 2.84E-05 4.30E-03 1.51E+01 4.27E-04 0.15
Barium 7440-39-3 -- 0.052626075 2.59E-04 -- -- --

Beryllium 7440-41-7 0.00034431 1.70E-06 2.40E-03 8.40E+00 1.42E-05 0.0051
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 --(c) 2.40E-06 8.40E-03 -

Cadmium 7440-43-9 -- 0.018 8.87E-05 1.80E-03 6.30E+00 5.59E-04 0.20
Carbon tetrachloride 56-23-5 VOC 0.0018 --(c) 1.50E-05 5.25E-02 --

Chloride 16887-00-6 -- 11.439962 5.64E-02 -- -- --

Chloroform 67-66-3 VOC 0.00038106 --(c) 2.30E-05 8.05E-02 --

Chromium 7440-47-3 0.015609389 7.69E-05 -- -- --

Cobalt 7440-48-4 -- 0.004378857 2.16E-05 9.OOE-03 3.15E+01 6.80E-04 0.24
Copper 7440-50-8 -- 0.004482187 2.21E-05 -- -- --

Dinoseb(2-secButyl-4,6-dinitrophenol) 88-85-7 SVOC 0.005506461 --(c) -- --

Fluoride 16984-48-8 -- 0.31715504 1.56E-03 -- -- --

Hexavalent Chromium 18540-29-9 -- 0.191 9.41E-04 8.40E-02 2.94E+02 2.77E-01 99
Iron 7439-89-6 -- 0.14355212 7.07E-04 -- -- --

Lead 7439-92-1 0.00142074 7.OOE-06 -- --

Manganese 7439-96-5 -- 0.009635007 4.75E-05 -- --

Nickel 7440-02-0 -- 0.010760715 5.30E-05 2.60E-04 9.10E-01 4.82E-05 0.017
Nitrate 14797-55-8 31.205071 1.54E-01 -- -- --

Nitrite 14797-65-0 0.034429846 1.70E-04 -- -- --

Nitrogen in Nitrite and Nitrate N02+NO3-N 14.7 7.24E-02 -- -- --

Octachlorodibenzofuran 39001-02-0 -- 9.9649E-09 4.91E-11 1.14E-02 3.99E+01 1.96E-09 7.04E-07
Octachlorodibenzo-p-dioxin 3268-87-9 5.6857E-09 2.80E-11 1.14E-02 3.99E+01 1.12E-09 4.01E-07
Silver 7440-22-4 -- 0.005650889 2.78E-05 -- -- --

Strontium 7440-24-6 0.26495344 1.31E-03 -- -- --

Sulfate 14808-79-8 56.164035 2.77E-01 -- - --

Toluene 108-88-3 VOC 0.000065 --(c) -- --

Total petroleum hydrocarbons - gasoline range TPHGASOLINE -- 0.05 2.46E-04 -- -- --

Trichloroethene 79-01-6 VOC 0.000570461 --(c) 2.50E-05 8.75E-02 --

Uranium 7440-61-1 -- 0.014879201 7.33E-05 -- -- --

Vanadium 7440-62-2 -- 0.021937779 1.08E-04 -- -- --

Zinc 7440-66-6 -- 0.092316084 4.55E-04 -- --

Total ELCR 2.78E-01 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

Inhalation of volatile compounds in vapor is presented in Table D-10
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper, 2004, Exposure Scenorio for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Near-field exposure area-- Yakima Nation

Hazard quotient and cancer risk from dermal exposure to VOCs/SVOCs in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yokomo Notion Exposure Scenorio for Hanford Site Risk Assessment .

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water (Idl)
can be neglected and total dermal intake (id,total) is equal to dermal intake from VOCs/SVOCs in sweat lodge vapor (ld,v)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 3, except as noted)
Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Dermal absorption intake from vapor Id,, calculated mg/kg-day
Contaminant concentration in water Cdw contaminant-specific mg/L
Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Body surface area available for contact SA 1.8 M2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event' ET 2 hr/event
Number of sweats per year EF 365 events/yr
Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr
Conversion factor ClF 0.01 m/cm
Conversion factor CF2 365 day/yr

Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit Cd,.95 UCL Kpb 3,,(non-cancer) RfDo
3  

GIABSa HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin' 35822-46-9 -- 3.734E-09 - -(c) 1 -

1,2,3,4,6,7,8-Heptachlorodibenzofurand 67562-39-4 -- 5.6E-09 1.45 --(c) - 1

1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 - 2.9E-09 2.25 --(c) 1 -

1,2,3,6,7,8-Hexachlorodibenzofurand 57117-44-9 - 2.1E-09 2.25 --(c) -- 1 -

1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 1.32E-09 2.OOE-02 1 6.60E-08 0.08

2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 2.68E-07 3.OOE-02 1 8.95E-06 11
2-Methylphenol (cresol, o-) 95-48-7 SVOC 0.0075 0.0077 2.84E-08 5.OOE-02 1 5.67E-07 0.68
4-Nitrophenol 100-02-7 SVOC 0.0072 0.0048 1.70E-08 8.OOE-03 1 2.12E-06 2.6
Aluminum 7429-90-5 - 0.11217909 0.001 --(c) 1.OOE+00 1 -

Arsenic 7440-38-2 - 0.005765062 0.001 --(c) 3.OOE-04 1 -

Barium 7440-39-3 - 0.052626075 0.001 --(c) 2.OOE-01 0.07 --

Beryllium 7440-41-7 - 0.00034431 0.001 --(c) 2.OOE-03 0.007
Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 1.35E-07 2.OOE-02 1 6.75E-06 8
Cadmium 7440-43-9 -- 0.018 0.001 --(c) 5.OOE-04 0.05
Carbon tetrachloride 56-23-5 VOC 0.0018 0.016 1.41E-08 7.OOE-04 1 2.02E-05 24
Chloride 16887-00-6 - 11.439962 0.001 --(c) - 1 -

Chloroform 67-66-3 VOC 0.00038106 0.0068 1.27E-09 1.OOE-02 1 1.27E-07 0.154
Chromium 7440-47-3 -- 0.015609389 0.001 --(c) 1.50E+00 0.013 -

Cobalt 7440-48-4 - 0.004378857 0.0004 --(c) 3.OOE-04 1 -

Copper 7440-50-8 - 0.004482187 0.001 --(c) 4.OOE-02 1 -

Dinoseb(2-secButyl-4,6-dinitrophenol)d 88-85-7 SVOC 0.005506461 0.0163 4.41E-08 1.OOE-03 1 4.41E-05 53
Fluoride 16984-48-8 - 0.31715504 0.001 --(c) 6.OOE-02 1 -

Hexavalent Chromium 18540-29-9 -- 0.191 0.002 --(c) 3.OOE-03 0.025 -
Iron 7439-89-6 -- 0.14355212 0.001 --(c) 7.OOE-01 1 -

Lead 7439-92-1 - 0.00142074 0.0001 --(c) -- 1 -

Manganese 7439-96-5 - 0.009635007 0.001 --(c) 2.40E-02 0.04 -

Nickel 7440-02-0 0.010760715 0.0002 -- (c) 2.OOE-02 0.04 -

Nitrate 14797-55-8 - 31.205071 0.001 --(c) 7.10E+00 1 -

Nitrite 14797-65-0 -- 0.034429846 0.001 --(c) 3.OOE-01 1 -

Nitrogen in Nitrite and Nitrate N02+NO3-N 14.7 0.001 --(c) 1.60E+00 1 -

Octachlorodibenzofuran' 39001-02-0 - 9.9649E-09 2.63 --(c) 1 -

Octachlorodibenzo-p-dioxin' 3268-87-9 - 5.6857E-09 1.16 -(c) -- 1 -

Silver 7440-22-4 - 0.005650889 0.0006 --(c) 5.OOE-03 0.04 -
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Strontium 7440-24-6 -- 0.26495344 0.001 --(c) 6.OOE-01 1 -

Sulfate 14808-79-8 - 56.164035 0.001 --(c) - --

Toluene 108-88-3 VOC 0.000065 0.031 9.90E-10 8.00E-02 1 1.24E-08 0.015
Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 -- --(c) --

Trichloroethene 79-01-6 VOC 0.000570461 0.012 3.36E-09 -- 1 --

Uranium 7440-61-1 0.014879201 0.001 --(c) 3.OOE-03 1 --

Vanadium 7440-62-2 -- 0.021937779 0.001 --(c) 5.00E-03 1 --

Zinc 7440-66-6 0.092316084 0.0006 -(c) 3.OOE-01 1 --

Total 8.29E-05 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics except tributyl phosphate). Tributyl phosphate value taken from Risk Assessment Information System http://rais.ornl.gov

c Dermal absorption of nonvolatile chemicals in sweat lodge vapor is presented in Table D-14
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper 2004, Exposure Scenarioafor CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.

HQ = hazard quotient.

SVOC = semivoatile organic compound.

VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit C_ 95 UCL Kp Ida,,(cancer) CSFo, GIABS' Risk %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxind 35822-46-9 -- 3.734E-09 - --(c) 1.30E+03 1

1,2,3,4,6,7,8-Heptachlorodibenzofurand 67562-39-4 -- 5.6E-09 1.45 --(c) 1.30E+03 1

1,2,3,4,7,8-Hexachlorodibenzofurand 70648-26-9 - 2.9E-09 2.25 --(c) 1.30E+04 1 --

1,2,3,6,7,8-Hexachlorodibenzofurand 57117-44-9 - 2.1E-09 2.25 --(c) 1.30E+04 1 --

1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 1.28E-09 9.10E-02 1 1.17E-10 2.9

2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 2.61E-07 1 --

2-Methyphenol (cresol, o-) 95-48-7 SVOC 0.0075 0.0077 2.76E-08 - 1 -

4-Nitrophenol 100-02-7 SVOC 0.0072 0.0048 1.65E-08 -- 1 --

Aluminum 7429-90-5 - 0.11217909 0.001 --(c) 1

Arsenic 7440-38-2 - 0.005765062 0.001 --(c) 1.50E+00 1 -

Barium 7440-39-3 - 0.052626075 0.001 --(c) -- 0.07 --

Beryllium 7440-41-7 - 0.00034431 0.001 --(c) - 0.007 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 1.31E-07 1.40E-02 1 1.84E-09 45

Cadmium 7440-43-9 - 0.018 0.001 --(c) - 0.05
Carbon tetrachloride 56-23-5 VOC 0.0018 0.016 1.37E-08 1.30E-01 1 1.79E-09 44

Chloride 16887-00-6 -- 11.439962 0.001 --(c) 1

Chloroform 67-66-3 VOC 0.00038106 0.0068 1.24E-09 3.10E-02 1 3.83E-11 0.94

Chromium 7440-47-3 - 0.015609389 0.001 -(c) - 0.013 -

Cobalt 7440-48-4 -- 0.004378857 0.0004 --(c) 1
Copper 7440-50-8 - 0.004482187 0.001 --(c) 1

Dinoseb(2-secButyl-4,6-dinitrophenoI)d 88-85-7 SVOC 0.005506461 0.0163 4.28E-08 - 1 -

Fluoride 16984-48-8 - 0.31715504 0.001 --(c) -- 1 -

Hexavalent Chromium 18540-29-9 - 0.191 0.002 --(c) - 0.025 -

Iron 7439-89-6 0.14355212 0.001 --(c) -- 1 -

Lead 7439-92-1 - 0.00142074 0.0001 --(c) - 1 -

Manganese 7439-96-5 - 0.009635007 0.001 --(c) - 0.04 -

Nickel 7440-02-0 -- 0.010760715 0.0002 --(c) - 0.04 --

Nitrate 14797-55-8 31.205071 0.001 -(c) - 1 -

Nitrite 14797-65-0 - 0.034429846 0.001 --(c) - 1 --

Nitrogen in Nitrite and Nitrate NO2+NO3-N -- 14.7 0.001 --(c) 1 --

Octachlorodibenzofuran' 39001-02-0 - 9.9649E-09 2.63 --(c) 3.90E+01 1

Octachlorodibenzo-p-dioxind 3268-87-9 - 5.6857E-09 1.16 --(c) 3.907+01 1 -

Silver 7440-22-4 - 0.005650889 0.0006 --(c) - 0.04

Strontium 7440-24-6 - 0.26495344 0.001 --(c) 1

Sulfate 14808-79-8 - 56.164035 0.001 --(c) -

Toluene 108-88-3 VOC 0.000065 0.031 9.61E-10 1

Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 - -- (c) -

Trichloroethene 79-01-6 VOC 0.000570461 0.012 3.27E-09 8.90E-02 1 2.91E-10 7.1

Uranium 7440-61-1 0.014879201 0.001 -- (c) - 1

Vanadium 7440-62-2 - 0.021937779 0.001 --(c) -- 1 --

Zinc 7440-66-6 - 0.092316084 0.0006 --(c) -- 1 -

Total ELCR 4.07E-09 100
a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/Generic Tables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics except tributyl phosphate). Tributyl phosphate value taken from Risk Assessment Information System http://rais.ornl.gov

Dermal absorption of nonvolatile chemicals in sweat lodge vapor is presented in Table D-14
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.orni.gov
- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).

Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.

VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Near-field exposure area-- Yakima Nation

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge condensed water

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4)

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yokama Notion Exposure Scenario for Hanford Site Risk Assessment.

Model assumes concentration of nonvolatiles in condensed water is equal to concentration in water used to create steam

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in

groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4, except as noted)

Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Dermal absorption intake from liquid Ila calculated mg/kg-day

Contaminant concentration in water Cdw contaminant-specific mg/L

Body surface area available for contact SA 1.8 m
2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat event ET 2 hr/event

Number of sweats per year EF 365 events/yr

Number of years a person sweats in a lifetime ED 68 yr

Average body weight BW 70 kg

Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr

Conversion factor CF2 365 day/yr

Conversion factor CF3 10 L/m
2

-cm

a Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL Kp l,(non-cancer) RfDo GIABS HQ %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?' (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin 35822-46-9 3.734E-09 - - -- 1 -

1,2,3,4,6,7,8-Heptachlorodibenzofuran' 67562-39-4 -- 5.6E-09 1.45 4.18E-09 - 1 --

1,2,3,4,7,8-Hexachlorodibenzofuran' 70648-26-9 - 2.9E-09 2.25 3.36E-09 - 1 -

1,2,3,6,7,8-Hexachlorodibenzofuran' 57117-44-9 - 21E-09 2.25 2.43E-09 -- 1 -

1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 -(c) 2.OOE-02 1 -

2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 -(c) 3.00E-02 1 -

2-Methylphenol (cresol, o-) 95-48-7 SVOC 0.0075 0.0077 -(c) 5.00E-02 1 -

4-Nitrophenol 100-02-7 SVOC 0.0072 0.0048 -(c) 8.OOE-03 1 -

Aluminum 7429-90-5 -- 0.11217909 0.001 5.77E-05 1.OOE+00 1 5.77E-05 0.0019

Arsenic 7440-38-2 - 0.005765062 0.001 2.96E-06 3.00E-04 1 9.88E-03 0.32

Barium 7440-39-3 - 0.052626075 0.001 2.71E-05 2.OOE-01 0.07 1.93E-03 0.1

Beryllium 7440-41-7 -- 0.00034431 0.001 1.77E-07 2.OOE-03 0.007 1.26E-02 0.41

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 --(c) 2.OOE-02 1 --

Cadmium 7440-43-9 0.018 0.001 9.26E-06 5.OOE-04 0.05 3.70E-01 12

Carbon tetrachloride 56-23-5 VOC 0.0018 0.016 -(c) 7.OOE-04 1

Chloride 16887-00-6 11.439962 0.001 5.88E-03 - 1 -

Chloroform 67-66-3 VOC 0.00038106 0.0068 --(c 1.OOE-02 1

Chromium 7440-47-3 0.015609389 0.001 8.03E-06 1.50E+00 0.013 4.12E-04 0.014

Cobalt 7440-48-4 - 0.004378857 0.0004 9.01E-07 3.OOE-04 1 3.OOE-03 0.10

Copper 7440-50-8 - 0.004482187 0.001 2.31E-06 4.OOE-02 1 5.76E-05 0

Dinoseb(2-secButyl-4,6-dinitrophenol)' 88-85-7 SVOC 0.005506461 0.0163 -(c) 1.OOE-03 1

Fluoride 16984-48-8 - 0.31715504 0.001 1.63E-04 6.OOE-02 1 2.72E-03 0

Hexavalent Chromium 18540-29-9 0.191 0.002 1.96E-04 3.OOE-03 0.025 2.62E+00 86

Iron 7439-89-6 -- 0.14355212 0.001 7.38E-05 7.OOE-01 1 1.05E-04 0.0035

Lead 7439-92-1 - 0.00142074 0.0001 7.31E-08 1 -

Manganese 7439-96-5 -- 0.009635007 0.001 4.96E-06 2.40E-02 0.04 5.16E-03 0.17

Nickel 7440-02-0 - 0.010760715 0.0002 1.11E-06 2.OOE-02 0.04 1.38E-03 0.045

Nitrate 14797-55-8 - 31.205071 0.001 1.60E-02 7.10E+00 1 2.26E-03 0.074

Nitrite 14797-65-0 - 0.034429846 0.001 1.77E-05 3.OOE-01 1 5.90E-05 0.0019

Nitrogen in Nitrite and Nitrate N02+NO3-N - 14.7 0.001 7.56E-03 1.60E+00 1 4.73E-03 0.16

Octachlorodibenzofurand 39001-02-0 - 9.9649E-09 2.63 1.35E-08 -- 1 --
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Octachlorodibenzo-p-dioxin' 3268-87-9 5.6857E-09 1.16 3.39E-09 -- 1

Silver 7440-22-4 -- 0.005650889 0.0006 1.74E-06 5.00E-03 0.04 8.72E-03 0.29
Strontium 7440-24-6 -- 0.26495344 0.001 1.36E-04 6.OOE-01 1 2.27E-04 0.0075
Sulfate 14808-79-8 - 56.164035 0.001 2.89E-02 -- - -

Toluene 108-88-3 VOC 0.000065 0.031 -(c) 8.00E-02 1 -

Total petroleum hydrocarbons -gasoline range TPHGASOLINE - 0.05 -- -- -

Trichloroethene 79-01-6 VOC 0.000570461 0.012 -(c) 1

Uranium 7440-61-1 -- 0.014879201 0.001 7.65E-06 3.00E-03 1 2.55E-03 0.084

Vanadium 7440-62-2 - 0.021937779 0.001 1.13E-05 5.00E-03 1 2.26E-03 0.074

Zinc 7440-66-6 - 0.092316084 0.0006 2.85E-05 3.00E-01 1 9.50E-05 0.0031

Total 3.05 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration-table/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit 8-2 (organics except tributyl phosphate). Tributyl phosphate value taken from Risk Assessment Information System http://rais.ornl.gov/cgi-bin/tox/TOX-select?select=chem

' Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.

HQ = hazard quotient.

SVOC = semivolatile organic compound.

VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL Kp
5  

dI(cancer) CSFoa GIABS' Risk %

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOCt (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)' (unitless) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxin' 35822-46-9-3.734E-09-1.30E+03 I

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 - 5.6E-09 1.45 4.06E-09 1.30E+03 1 5.27E-06 6.3

1,2,3,4,7,8-Hexachlorodibenzofuran' 70648-26-9 - 2.9E-09 2.25 3.26E-09 1.30E+04 1 4.24E-05 51

1,2,3,6,7,8-Hexachlorodibenzofuran' 57117-44-9 - 2.1E-09 2.25 2.36E-09 1.30E+04 1 3.07E-05 37
1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 -(c) 9.10E-02 1 --

2,3,4,6-Tetrachlorophenol' 58-90-2 SVOC 0.0077 0.071 --(c) -- 1 -

2-Methylphenol (cresol, o-) 95-48-7 SVOC 0.0075 0.0077 -(c) - 1
4-Nitrophenol 100-02-7 SVOC 0.0072 0.0048 -(c) 1 -

Aluminum 7429-90-5 - 0.11217909 0.001 5.60E-05 1 -

Arsenic 7440-38-2 0.005765062 0.001 2.88E-06 1.50E+00 1 4.32E-06 5.2

Barium 7440-39-3 0.052626075 0.001 2.63E-05 -- 0.07 --

Beryllium 7440-41-7 0.00034431 0.001 1.72E-07 -- 0.007 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.02S --(c) 1.40E-02 1 --

Cadmium 7440-43-9 0.018 0.001 8.99E-06 0.05 -

Carbon tetrachloride 56-23-5 VOC 0.0018 0.016 --(c) 1.30E-01 1
Chloride 16887-00-6 - 11.439962 0.001 5.72E-03 1
Chloroform 67-66-3 VOC 0.00038106 0.0068 --(c) 3.10E-02 1
Chromium 7440-47-3 0.015609389 0.001 7.80E-06 0.013
Cobalt 7440-48-4 -- 0.004378857 0.0004 8.75E-07 - 1
Copper 7440-50-8 -- 0.004482187 0.001 2.24E-06 1

Dinoseb(2-secButyl-4,6-dinitrophenol)d 88-85-7 SVOC 0.005506461 0.0163 -(c) 1
Fluoride 16984-48-8 -- 0.31715504 0.001 1.58E-04 - 1
Hexavalent Chromium 18540-29-9 -- 0.191 0.002 1.91E-04 -- 0.025
Iron 7439-89-6 - 0.14355212 0.001 7.17E-05 1 -

Lead 7439-92-1 0.00142074 0.0001 7.10E-08 - 1

Manganese 7439-96-5 - 0.009635007 0.001 4.81E-06 - 0.04

Nickel 7440-02-0 0.010760715 0.0002 1.08E-06 -- 0.04

Nitrate 14797-55-8 - 31.205071 0.001 1.56E-02 -- 1 -

Nitrite 14797-65-0 - 0.034429846 0.001 1.72E-05 1 -

Nitrogen in Nitrite and Nitrate N02+NO3-N - 14.7 0.001 7.34E-03 1 -

Octachlorodibenzofurand 39001-02-0 - 9.9649E-09 2.63 1.31E-08 3.90E+01 1 5.11E-07 0.61

Octachlorodibenzo-p-dioxin' 3268-87-9 - 5.6857E-09 1.16 3.30E-09 3.90E+01 1 1.29E-07 0.15
Silver 7440-22-4 - 0.005650889 0.0006 1.69E-06 0.04

Strontium 7440-24-6 0.26495344 0.001 1.32E-04 1

Sulfate 14808-79-8 - 56.164035 0.001 2.81E-02 - -

Toluene 108-88-3 VOC 0.000065 0.031 --(c) -- 1 --

Total petroleum hydrocarbons - gasoline range TPHGASOLINE - 0.05 - - - -

Trichloroethene 79-01-6 VOC 0.000570461 0.012 --(c) 8.90E-02 1 --

Uranium 7440-61-1 -- 0.014879201 0.001 7.43E-06 -- 1 -

Vanadium 7440-62-2 - 0.021937779 0.001 1.10E-05 -- 1 --

Zinc 7440-66-6 - 0.092316084 0.0006 2.77E-05 1
Total ELCR 8.33E-05 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics except tributyl phosphate). Tributyl phosphate value taken from Risk Assessment Information System http://rais.ornl.gov/cgi-bin/tox/TOX_select?select=chem

c Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.orni.gov

- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (PartE, Supplemental Guidancefor Dermal Risk Assessment).

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lieways

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.

VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Near-field exposure area-- Yakima Nation

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge vapor

Yakama Nation sweathouse scenario (fidolfi 2007)
Ridolfi 2007, Yokomo Notion Exposure Scenariofor Honford Site Risk Assessment .

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenoriofor CTUIR TraditionalSubsistence Lifeways
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4, except as noted)
Cdw values taken from ECF-200PO1-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Dermal absorption intake from vapor ,, calculated mg/kg-day

Body surface area available for contact SA 1.8 M2
Permeability constant Kp contaminant-specific cm/hr

Length of sweat event ET 2 hr/day
Number ofsweats per year EF 365 days/yr
Exposure duration ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Contaminant concentration Cdw contaminant-specific mg/L
Molecular weight of water MWw 18 g/mole
Ideal gas law constant R 62.37 (mmHg-L)/(gmole-K)
Temperature of the sweat lodge T 338.7 K
Density of liquid water rhow 1000 g/L
Conversion factor CF2 365 day/yr

Conversion factor CF3 10 L/m2-cm

' Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1Groundwater Operable Unit Ca, 95 UCL Ky Iab,(non-cancer) RfDo' GABS' HQ %

Near-Field Exposure Area Nonradioactive COPC CAS 0 VOC/SVOC?, (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxina 35822-46-9 -- 3.734E-09 -- -- - 1 --

1,2,3,4,6,7,8-Heptachlorodibenzofurand 67562-39-4 5.6E-09 1.45 6.84E-13 -- 1 --

1,2,3,4,7,8-Hexachlorodibenzofurana 70648-26-9 -- 2.9E-09 2.25 5.50E-13 -- 1 -

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 -- 2.1E-09 2.25 3.98E-13 -- 1 -

1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 --(c) 2.OOE-02 1 --

2,3,4,6-Tetrachlorophenold 58-90-2 SVOC 0.0077 0.071 -(c) 3.OOE-02 1 -

2-Methylphenol (cresol, o-) 95-48-7 SVOC 0.0075 0.0077 --(c) 5.OOE-02 1 -

4-Nitrophenol 100-02-7 SVOC 0.0072 0.0048 --(c) 8.00E-03 1 -

Aluminum 7429-90-5 -- 0.11217909 0.001 9,45E-09 1.OOE+00 1 9.45E-09 0.0
Arsenic 7440-38-2 -- 0.005765062 0.001 4.86E-10 3.00E-04 1 1.62E-06 0.3
Barium 7440-39-3 -- 0.052626075 0.001 4.43E-09 2.00E-01 0.07 3.17E-07 0.1
Beryllium 7440-41-7 - 0.00034431 0.001 2.90E-11 2.OOE-03 0.007 2.07E-06 0.4
Bis2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 --(c) 2.00E-02 1 --

Cadmium 7440-43-9 0.018 0.001 1.52E-09 5.OOE-04 0.05 6.07E-05 12.1
Carbon tetrachloride 56-23-5 VOC 0.0018 0.016 --(c) 7.00E-04 1 -

Chloride 16887-00-6 -- 11.439962 0.001 9.64E-07 - 1 -

Chloroform 67-66-3 VOC 0.00038106 0.0068 --(c) 1.OOE-02 1 -

Chromium 7440-47-3 0.015609389 0.001 1.32E-09 1.50E+00 0.013 6.75E-08 0.0
Cobalt 7440-48-4 -- 0.004378857 0.0004 1.48E-10 3.OOE-04 1 4.92E-07 0.1
Copper 7440-50-8 -- 0.004482187 0.001 3.78E-10 4.OOE-02 1 9.44E-09 0.0

Dinoseb(2-secButyl4,6-dinitrophenl)a 88-85-7 SVOC 0.005506461 0.0163 --(c) 1.00E-03 1 -

Fluoride 16984-48-8 0.31715504 0.001 2.67E-08 6.OOE-02 1 4.45E-07 0.1
Hexavalent Chromium 18540-29-9 0.191 0.002 3.22E-08 3.OOE-03 0.025 4.29E-04 85.9
Iron 7439-89-6 - 0.14355212 0.001 1.21E-08 7.OOE-01 1 1.73E-08 0.0
Lead 7439-92-1 -- 0.00142074 0.0001 1.20E-11 - 1 -

Manganese 7439-96-5 -- 0.009635007 0.001 8.12E-10 2.40E-02 0.04 8.46E-07 0.2
Nickel 7440-02-0 0.010760715 0.0002 1.81E-10 2.00E-02 0.04 2.27E-07 0.0
Nitrate 14797-55-8 -- 31.205071 0.001 2.63E-06 7.10E+00 1 3.70E-07 0.1
Nitrite 14797-65-0 -- 0.034429846 0.001 2.90E-09 3.00E-01 1 9.67E-09 0.0
Nitrogen in Nitrite and Nitrate N02+NO3-N 14.7 0.001 1.24E-06 1.60E+00 1 7.74E-07 0.2

Octachlorodibenzofuranv 39001-02-0 - 9.9649E-09 2.63 2.21E-12 - 1 -

Octachlorodibenzo-p-dioxina 3268-87-9 5.6857E-09 1.16 5.56E-13 - 1 --

Silver 7440-22-4 0.005650889 0.0006 2.86E-10 5.00E-03 0.04 1.43E-06 0.3
Strontium 7440-24-6 0.26495344 0.001 2.23E-08 6.OOE-01 1 3.72E-08 0.0
Sulfate 14808-79-8 56.164035 0.001 4.73E-06
Toluene 108-88-3 VOC 0.000065 0.031 --(c) 8.006-02 1 --

Total petroleum hydrocarbons -gasoline range TPHGASOLINE 0.05 -- -- -- -

Trichloroethene 79-01-6 VOC 0.000570461 0.012 --(c) -- 1 --

Uranium 7440-61-1 0.014879201 0.001 1.2SE-09 3.006-03 1 4.18E-07 0.1
Vanadium 7440-62-2 - 0.021937779 0.001 1.85E-09 5.00E-03 1 3.70E-07 0.1
Zinc 7440-66-6 - 0.092316084 0.0006 4.67E-09 3.00E-01 1 .56E-08 0.0
Total 4.9946-04 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/index.htm

EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics except tributyl phosphate). Tributyl phosphate value taken from Risk Assessment Information System http://rais.ornl.gov/cgi-bin/tox/TOX select?select=chem

dermal intake of VOCs is presented in Table D-12
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA/540/R//99/00S Risk Assessment Guidancefor Superfund Volume 1: Human Health Evaluation Manual (Port E, Supplemental Guidancefor Dermal Risk Assessment).
Harris and Harper,2004,Exposure Scenariofor CTUIR TraditionalSubsistence lifeways
COPC = contaminant of potential concern.
HQ= hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.

Attachment G, Page G-43
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Cancer risk calculation

200-PO-1Groundwater Operable Unit C,95UCL Kp
5  l,.(cancer) C5Fo GABSt Risk %

(mg/kg-day)

Near-Field Exposure Area Nonradioactive COPC CAS # VOC/SVOC?" (mg/L) (cm/hr) (mg/kg-day) I (unitless) (unitless) Contribution

1,2,3,4,6,7,8-Heptachlorodibenzodioxind 35822-46-9 3.734E-09 - -- 1.30E+03 0 --

1,2,3,4,6,7,8-Heptachlorodibenzofurand 67562-39-4 - 5.6E-09 1.45 665E-13 1.30E-03 1 8.64E-10 6.3

1,2,3,4,7,8-Hexachlorodibenzofuran
5  

70648-26-9 - 2.9F-09 2.25 5.34E-13 1.30E+04 1 6.94E-09 51
1,2,3,6,7,B-Hexachlorodibenzofuran' 57117-44-9 - 2.E-09 2.25 3.87E-13 1.30E+04 1 503E-09 37
1,2-Dichloroethane 107-06-2 VOC 0.00064 0.0042 --(c) 9.10E-02 1 -

2,3,4,6-Tetrachlorophenol' 58-90-2 SVOC 0.0077 0.071 --(c) -- 1
2-Methylphenol (cresol,ao-) 95-48-7 SVOC 0.0075 0.0077 --(c) -- 1
4-Nitrophenol 100-02-7 SVOC 0.0072 0.0048 --(c) -- 1
Aluminum 7429-90-5 -- 0.11217909 0.001 9.18E-09 -- 1
Arsenic 7440-38-2 0.005765062 0.001 4.72E-10 1.50E+00 1 7.08E-10 5.2

Barium 7440-39-3 0.052626075 0.001 4.31F-09 - 0.07 -

Beryllium 7440-41-7 -- 0.00034431 0.001 282E-11 -- 0.007 -

Bis(2-ethylhexyl) phthalate 117-81-7 SVOC 0.011 0.025 --(c) 1.40E-02 1 --

Cadmium 7440-43-9 -- 0.018 0.001 1.47E-09 -- 0.05 --

Carbon tetrachloride 56-23-5 VOC 0.0018 0.016 --(c) 1.30E-01 1 --

Chloride 16887-00-6 -- 11.439962 0.001 9.36E-07 -- 1 --

Chloroform 67-66-3 VOC 0.00038106 0.0068 --(c) 3.10E-02 1 --

Chromium 7440-47-3 -- 0.015609389 0.001 1.28E-09 - 0.013 --

Cobalt 7440-48-4 0.004378857 0.0004 1.43E-10 - 0 --

Copper 7440-50-8 0.004482187 0.001 3.67E-10 - --

Dinoseb(2-secButyl-4,6-dinitrophenol) 88-85-7 SVOC 0.005506461 0.0163 --(c) - 0 -

Fluoride 16984-48-8 0.31715504 0.001 2.60E-08 - 1 -

Hexavalent Chromium 18540-29-9 -- 0.191 0.002 3.13E-08 - 0.025 -

Iron 7439-89-6 -- 0.14355212 0.001 1.18E-08 -- 1 --

Lead 7439-92-1 -- 0.00142074 0.0001 1R16E-11 -- 1 -

Manganese 7439-96-5 -- 0.009635007 0.001 7.89E-10 -- 0.04 -

Nickel 7440-02-0 -- 0.010760715 0.0002 176E-10 -- 0.04 -

Nitrate 14797-55-8 31.205071 0.001 255E-06 1 -

Nitrite 14797-65-0 -- 0.034429846 0.001 2.82E-09 - 1 -

Nitrogen in Nitrite and Nitrate NO2+NO3-N 14.7 0.001 1.20E-06 - 1 -

Octachlorodibenzofurand 39001-02-0 9.9649E-09 2.63 2.15E-12 3.90E+01 1 8.37E-11 0.61

Octachlorodibenzo-p-dioxind 3268-87-9 5.6857E-09 1.16 540E-13 3.90E-01 1 2.11E-11 0.15
Silver 7440-22-4 -- 0.005650889 0.0006 2.78E-10 -- 0.04 -

Strontium 7440-24-6 0.26495344 0.001 2.17E-08 -- 1 -

Sulfate 14808-79-8 - 56.164035 0.001 4.60-06 -- --

Toluene 108-88-3 VOC 0.000065 0.031 --(c) - 1

Total petroleum hydrocarbons - gasoline range TPHGASOLINE 0.05 -- -- -

Trichloroethene 79-01-6 VOC 0.000570461 0.012 -(c) 8.90E-02 1
Uranium 7440-61-1 -- 0.014879201 0.001 1.22E-09 -- 1 -

Vanadium 7440-62-2 -- 0.021937779 0.001 1.80E-09 - 1-
Zinc 7440-66-6 - 0.092316084 0.0006 4.53E-09 - 1 -

Total ELCR 1.365-08 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration table/GenericTables/inde.htm
EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics except tributyl phosphate). Tributyl phosphate value taken from Risk Assessment Information System http://rais.ornl.gov/cgi-bin/tox/TOX_selectselect=chem

dermal intake of VOCs is presented in Table D-12
d the K value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at raisornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermul Risk Assessment).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifewoys
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Near-field exposure area -- Yakima Nation

Cancer risk from inhalation of volatile radioactive contaminants in sweat lodge vapor
Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in

groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1, except as noted)

Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake lih calculated pCi

Contaminant concentration in water Ca. contaminant-specific pCi/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation rate' IR 26 m3/day

Length of sweat eventb ET 0.083 day/event (2hr/24hr)

Number of sweats per year EF 365 days/yr
Number of years a person sweats in a lifetime ED 68 yr

a Ridolfi (2007, Table 7).
b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cdv 95 UCL I'Mn SFib Risk %

Near-Field Exposure Area Radioactive COPC CAS # Volatile? (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution
Gross alpha 12587-46-1 - 4.8703439 --(c) - --

lodine-129 15046-84-1 -- 3.1689247 --(c) 6.07E-11 --

Plutonium-239/240 PU-239/240 - 0.029 --(c) 3.33E-08 --

Protactinium-231 14331-85-2 -- 0.28 --(c) 4.55E-08 -

Strontium-90 10098-97-2 - 4.5802399 --(c) 1.05E-10 --

Technetium-99 14133-76-7 - 1567.7398 --(c) 1.41E-11 --

Tritium 10028-17-8 Yes 192557.5 9.89E+09 5.62E-14 5.56E-04 100
Total ELCR 5.56E-04 100

' Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).
b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

c Inhalation of nonvolatile contaminants is presented in Table D-16
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R-92/003 Risk Assessment Guidance for Superfund: Volume I -- Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--Near-field exposure area -- Yakima Nation

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Notion Exposure Scenario for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Inhalation intake Inh calculated pCi
Contaminant concentration in water Cw contaminant-specific pCi/L
Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation rate' IR 26 m5/day

Length of sweat eventb ET 0.083 day/event (2hr/24hr)

Number of sweats per year EF 365 days/yr

Number of years a person sweats in a lifetime ED 68 yr
Molecular weight of water MWw 18 g/mole
Density of liquid water rhow 1000 g/L
Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m3)/gmole*K)
' Ridolfi (2007, Table 7).
b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Cancer risk calculation

200-PO-1 Groundwater Operable Unit Ca, 95 UCL Imh SFi 5  Risk

Near-Field Exposure Area Radioactive COPC CAS # Volatile?' (pCi/L) (pCi) (Risk/pCi) (unitless)
Gross alpha 12587-46-1 -- 4.8703439 4.29E+04 --

lodine-129 15046-84-1 - 3.1689247 2.79E+04 6.07E-11 1.69E-06
Plutonium-239/240 PU-239/240 -- 0.029 2.56E+02 3.33E-08 8.51E-06
Protactinium-231 14331-85-2 0.28 2.47E+03 4.55E-08 1.12E-04
Strontium-90 10098-97-2 - 4.5802399 4.04E+04 1.05E-10 4.24E-06
Technetium-99 14133-76-7 - 1567.7398 1.38E+07 1.41E-11 1.95E-04
Tritium 10028-17-8 Yes 192557.5 --(c) 5.62E-14
Total ELCR 3.21E-04

'Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003)

b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.I

'Inhalation of volatile contaminants is presented in Table D-15
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R-92/003 Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1 Groundwater Operable Unit River Exposure Area Native American Risk Assessment (10-Year)-Summary of Yakima Nationa Sweat Lodge Exposure Scenario Noncancer Hazard Results for Nonradioactive COPCs in Groundwater.
HQ (Inhalation) HQ (Dermal, Vapor, HQ (Dermal, Liquid, HQ (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? HQ (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total HI %
Concentration (mg/L) (unitiess) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution

Acetone 0.0011 VOC 3.67E-06 - 3.07E-10 - 3.67E-06 1.47E-05
Arsenic 0.005767892 - - 6.8 - 9.89E-03 1.62E-06 6.84E+00 27
Barium 0.049451657 - -- 1.8 1.82E-03 2.98E-07 1.76E+00 7.0
Carbon tetrachloride 0.00028 VOC 1.52E-04 -- 3.14E-06 -- 1.56E-04 6.24E-04
Chloride 12.545114 -
Chloroform 0.0023 VOC 2.43E-03 - 7.68E-07 - 2.43E-03 0.0097
Chromium 0.0141 - -- - 3.72E-04 6.09E-08 3.72E-04 0.0015
Copper 0.00597989 - 7.69E-05 1.26E-08 7.69E-05 3.08E-04
Fluoride 0.30621978 - 0.4 - 2.62E-03 4.30E-07 4.21E-01 1.7
Iron 0.61057915 - -- 4.49E-04 7.35E-08 4.49E-04 0.0018
Lead 0.000663667 --- - --

Manganese 0.040717647 - 14.5 -- 2.18E-02 3.57E-06 1.45E+01 58
Nickel 0.0056 1.1 -- 7.20E-04 1.18E-07 1.11E+00 4.4

Nitrate 28.952 -- 2.10E-03 3.44E-07 2.10E-03 0.0084

Nitrite 0.46 - - - 7.89E-04 1.29E-07 7.89E-04 0.0032

Strontium 0.38963943 - - 3.34E-04 5.47E-08 3.34E-04 0.0013

Sulfate 41.899078 - -- -

Thallium 0.00037 - -- - --

Uranium 0.005491757 - - 0.3 9.41E-04 1.54E-07 3.26E-01 1.3
Vanadium 0.0168 - -- - 1.73E-03 2.83E-07 1.73E-03 0.0069
Zinc 0.006671161 - - - 6.86E-06 1.12E-09 6.86E-06 2.75E-05
Total 2.58E-03 24.88 3.91E-06 0.044 7.15E-06 24.93 100
a Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in groundwater used to make steam. Evaluation performed using steam
model from CTUIR sweat lodge scenario (Harris and Harper 2004).
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
Harris and Harper 2004, Exposure Scenario for CTUIR Troditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ = hazard quotient.
HI = hazard index.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 Groundwater Operable Unit River Exposure Area Native American Risk Assessment (10-Year)-Summary of Yakima Nationa Sweat Lodge Exposure Scenario Cancer Risk Results for Nonradioactive COPCs in Groundwater.
Risk (Inhalation) Risk (Dermal, Vapor, Risk (Dermal, Liquid, Risk (Dermal, Vapor,

COPC 95 UCL Groundwater VOC/SVOC? Risk (Inhalation) (Volatiles) (Nonvolatiles) volatiles) Nonvolatiles) Nonvolatiles) Total Risk %
Concentration (mg/L) (unitless) (unitless) (unitless) (unitless) (unitless) (unitless) Contribution

Acetone 0.0011 VOC - -
Arsenic 0.005767892 - - 4.28E-04 4.32E-06 7.08E-10 4.32E-04 93
Barium 0.049451657 - -

Carbon tetrachloride 0.00028 VOC 4.22E-07 - 2.78E-10 4.22E-07 0.1
Chloride 12.545114 -- --

Chloroform 0.0023 VOC 5.32E-06 - 2.31E-10 5.32E-06 1
Chromium 0.0141 --

Copper 0.00597989 - - ---

Fluoride 0.30621978 -- - - - -

Iron 0.61057915 -- - - -

Lead 0.000663667 - -- --

Manganese 0.040717647 -- -- --

Nickel 0.0056 - -- 2.51E-05 - - 2.51E-05 5.4
Nitrate 28.952 -- - --

Nitrite 0.46 -- - - - -- -

Strontium 0.38963943 -- - - - - --

Sulfate 41.899078 - -

Thallium 0.00037 -- - - --

Uranium 0.005491757 - - - -

Vanadium 0.0168 - -

Zinc 0.006671161 - - -

Total ELCR 5.74E-06 4.53E-04 5.09E-10 4.32E-06 7.08E-10 4.63E-04 100

' Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in groundwater used to make steam. Evaluation performed using steam
model from CTUIR sweat lodge scenario (Harris and Harper 2004).
- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 Groundwater Operable Unit River Exposure Area Native American Risk Assessment (10-Year)--Summary of Yakima Nation Sweat Lodge Exposure Scenario Cancer Risk Results for Radioactive COPCs in Groundwater.
Risk (Inhalation)

COPC 95 UCL Groundwater Volatile?" Risk (Inhalation) (Volatiles) (Nonvolatiles) Risk (Dermal) Total Risk %
Concentration (pCi/L) (unitless) (unitless) (unitless) (unitless) Contribution

Gross alpha 2.8 No -

Gross beta 22.2 No - - - -

Strontium-90 2.60 No 2.41E-06 - 2.41E-06 1.3
Technetium-99 115 No - 1.42E-05 - 1.42E-05 7.6
Tritium 59,534 Yes 1.72E-04 - -- 1.72E-04 91
Total ELCR 1.72E-04 1.67E-05 - 1.88E-04 100

a Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole.
-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--river exposure area-- Yakima Nation

Hazard quotient and cancer risk from inhalation of VOCs/SVOCs in sweat lodge vapor
Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenariofor Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenoriofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1, except as noted)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake I m calculated mg/kg-day

Contaminant concentration in water C, contaminant-specific mg/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation rate' IR 26 m3/day

Length of sweat eventb ET 0.083 day/event (2hr/24hr)
Number of sweats per year EF 365 days/yr
Number of years a person sweats insa lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF 365 day/yr

' Ridolfi (2007, Table 7).
b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cdw 95 UCL linh(non-cancer) RfCi' RfDi0  HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (mg/kg-day) (mg/m
3) (mg/kg-day) (unitless) Contribution

Acetone 67-64-1 VOC 0.0011 3.25E-05 3.10E+01 8.86E+00 3.67E-06 0.14

Arsenic 7440-38-2 - 0.005767892 -(c) 1.50E-05 4.29E-06 -

Barium 7440-39-3 - 0.049451657 -(c) 5.OOE-04 1.43E-04 --

Carbon tetrachloride 56-23-5 VOC 0.00028 8.28E-06 1.90E-01 5.43E-02 1.52E-04 6
Chloride 16887-00-6 - 12.545114 -(c) - - --

Chloroform 67-66-3 VOC 0.0023 6.80E-05 9.80E-02 2.80E-02 2.43E-03 94
Chromium 7440-47-3 -- 0.0141 --(c) - -

Copper 7440-S0-8 - 0.00597989 --(c) - - -

Fluoride 16984-48-8 - 0.30621978 --(c) 1.30E-02 3.71E-03 --

Iron 7439-89-6 - 0.61057915 -(c) - -

Lead 7439-92-1 - 0.000663667 --(c) - - -

Manganese 7439-96-5 - 0.040717647 --(c) 5.OOE-05 1.43E-05 -

Nickel 7440-02-0 - 0.0056 --(c) 9.OOE-05 2.57E-05 -

Nitrate 14797-55-8 - 28.952 --(c) - - -

Nitrite 14797-65-0 -- 0.46 --(c) -

Strontium 7440-24-6 - 0.38963943 --(c) - - -

Sulfate 14808-79-8 - 41.899078 --(c) -

Thallium 7440-28-0 - 0.00037 --(c) - - -

Uranium 7440-61-1 - 0.005491757 --(c) 3.OOE-04 8.57E-05 -

Vanadium 7440-62-2 - 0.0168 -(c) - - -

Zinc 7440-66-6 - 0.006671161 -(c) - -- -

Total 2.58E-03 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b Inhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

Inhalation of nonvolatile chemicals is presented in Table D-19
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
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EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cdw 95 UCL ln(cancer) IURa SFi0  Risk %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?' (mg/L) (mg/kg-day) (pg/m3)1  (kg-day/mg) (unitiess) Contribution
Acetone 67-64-1 VOC 0.0011 3.16E-05 - -

Arsenic 7440-38-2 - 0.005767892 -(c) 4.30E-03 1.51E+01 -

Barium 7440-39-3 - 0.049451657 --(c) --

Carbon tetrachloride 56-23-5 VOC 0.00028 8.04E-06 1.50E-05 5.25E-02 4.22E-07 7.4
Chloride 16887-00-6 -- 12.545114 --(c) - - --

Chloroform 67-66-3 VOC 0.0023 6.60E-05 2.30E-05 8.05E-02 5.32E-06 93
Chromium 7440-47-3 - 0.0141 --(c) - - --

Copper 7440-50-8 - 0.00597989 --(c) -- - --

Fluoride 16984-48-8 -- 0.30621978 --(c) - - -

Iron 7439-89-6 -- 0.61057915 --(c) - -- -

Lead 7439-92-1 -- 0.000663667 --(c) - --
Manganese 7439-96-5 -- 0.040717647 --(c) - -

Nickel 7440-02-0 -- 0.0056 -(c) 2.60E-04 9.10E-01
Nitrate 14797-55-8 - 28.952 -(c) - - -

Nitrite 14797-65-0 - 0.46 --(c) -

Strontium 7440-24-6 - 0.38963943 --(c) - -- -

Sulfate 14808-79-8 - 41.899078 -(c) -- - -

Thallium 7440-28-0 - 0.00037 --(c) -- - -

Uranium 7440-61-1 -- 0.005491757 --(c) - -- -

Vanadium 7440-62-2 - 0.0168 --(c) - - -

Zinc 7440-66-6 -- 0.006671161 --(c) - - -

Total ELCR 5.74E-06 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/Generic-Tables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

Inhalation of nonvolatile chemicals is presented in Table D-19
- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA 540/1-89/002 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--river exposure area-- Yakima Nation

Hazard quotient and cancer risk from inhalation of nonvolatiles in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenariofor HanfordSite Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in

groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 2, except as noted)

Cdw values taken from ECF-200P01-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake Inh calculated mg/kg-day

Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m
3
)/gmole*K)

Inhalation rate 'IR 26 m
5
/day

Length of sweat eventb ET 0.083 day/event (2hr/24hr)

Number of sweats per year EF 365 days/yr
Exposure duration ED 68 yr

Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr

Averaging time (cancer) ATc 70 yr

Conversion Factor CF 365 day/yr

Contaminant concentration Cdw contaminant-specific mg/L

Molecular weight of water MWw 18 g/mole

Density of liquid water rhow 1000 g/L

a Ridolfi (2007, Table 7).

b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

200-PO-1 Groundwater Operable Unit Cd, 95 UCL 1 1(non-cancer) RfCi' RfDi
5  

HQ %

River Exposure Area Nonradioactive COPC CAS f VOC/SVOC? (mg/L) (mg/kg-day) (mg/m) (mg/kg-day) (unitless) Contribution
Acetone 67-64-1 VOC 0.0011 --(c) 3.10E+01 8.86E+00 --

Arsenic 7440-38-2 -- 0.005767892 2.93E-05 1.50E-05 4.29E-06 6.83E+00 27

Barium 7440-39-3 0.049451657 2.51E-04 S.OOE-04 1.43E-04 1.76E+00 7.1

Carbon tetrachloride 56-23-5 VOC 0.00028 --(c) 1.90E-01 5.43E-02 --

Chloride 16887-00-6 -- 12.545114 6.36E-02 -- -- --

Chloroform 67-66-3 VOC 0.0023 --(c) 9.80E-02 2.80E-02 -

Chromium 7440-47-3 0.0141 7.15E-05 - -- --

Copper 7440-50-8 0.00597989 3.03E-05
Fluoride 16984-48-8 0.30621978 1.55E-03 1.30E-02 3.71E-03 4.18E-01 1.7

Iron 7439-89-6 -- 0.61057915 3.10E-03 - --

Lead 7439-92-1 0.000663667 3.37E-06 - -- --

Manganese 7439-96-5 -- 0.040717647 2.07E-04 5.OOE-05 1.43E-05 1.45E+01 58

Nickel 7440-02-0 -- 0.0056 2.84E-05 9.OOE-05 2.57E-05 1.10E+00 4.4

Nitrate 14797-55-8 -- 28.952 1.47E-01 -- --

Nitrite 14797-65-0 - 0.46 2.33E-03 -- -- -

Strontium 7440-24-6 -- 0.38963943 1.98E-03 -- --

Sulfate 14808-79-8 -- 41.899078 2.13E-01 --

Thallium 7440-28-0 - 0.00037 1.88E-06 -- --

Uranium 7440-61-1 0.005491757 2.79E-05 3.O0E-04 8.57E-05 3.25E-01 1.3
Vanadium 7440-62-2 0.0168 8.52E-05 - -- -

Zinc 7440-66-6 -- 0.006671161 3.38E-05 - --

Total 25 100

EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

bInhalation reference concentration (RfCi) converted to inhalation reference dose (RfDi) following EPA protocol (EPA 540/1-89/002) using formula RfDi (mg/kg-day) = RfCi (mg/m3) x 20 (m3/day) x 1/70 (kg).

Inhalation of volatile compounds in vapor is presented in Table D-18

- Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.

HQ = hazard quotient.

SVOC = semivolatile organic compound.
VOC = volatile organice compound.

Attachment G, Page G-55
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL lIi(cancer) IUR SFib Risk %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (mg/kg-day) (pg/m
3
)' (kg-day/mg) (unitless) Contribution

Acetone 67-64-1 VOC 0.0011 --(c) -- -- --

Arsenic 7440-38-2 -- 0.005767892 2.84E-05 4.30E-03 1.51E+01 4.28E-04 94

Barium 7440-39-3 0.049451657 2.44E-04 - -- -

Carbon tetrachloride 56-23-5 VOC 0.00028 --(c) 1.50E-05 5.25E-02 -

Chloride 16887-00-6 -- 12.545114 6.18E-02 --

Chloroform 67-66-3 VOC 0.0023 --(c) 2.30E-05 8.05E-02 -

Chromium 7440-47-3 -- 0.0141 6.95E-05 -- --

Copper 7440-50-8 0.00597989 2.95E-05 -- -- -

Fluoride 16984-48-8 -- 0.30621978 1.51E-03 - - -

Iron 7439-89-6 0.61057915 3.01E-03 - -- --

Lead 7439-92-1 0.000663667 3.27E-06 - -- -

Manganese 7439-96-5 -- 0.040717647 2.01E-04 -- -

Nickel 7440-02-0 -- 0.0056 2.76E-05 2.60E-04 9.10E-01 2.51E-05 5.5
Nitrate 14797-55-8 28.952 1.43E-01 -- -- --

Nitrite 14797-65-0 -- 0.46 2.27E-03 - -- --

Strontium 7440-24-6 - 0.38963943 1.92E-03 -

Sulfate 14808-79-8 -- 41.899078 2.06E-01 -- --

Thallium 7440-28-0 - 0.00037 1.82E-06 -- --

Uranium 7440-61-1 0.005491757 2.71E-05 - -- --

Vanadium 7440-62-2 0.0168 8.28E-05 - -- --

Zinc 7440-66-6 - 0.006671161 3.29E-05 -- --

Total ELCR 4.53E-04 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b Inhalation unit risk (IUR) converted to inhalation cancer slope factor (SFi) following EPA protocol (EPA 540/1-89/002) using formula SFi (kg-day/mg) = IUR (m3/ug) x 1/20 (m3/day) x 70 (kg) x 1000 (ug/mg).

Inhalation of volatile compounds in vapor is presented in Table D-18

-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lieways

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.

SVOC = semivolatile organic compound.

VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--river exposure area- Yakima Nation

Hazard quotient and cancer risk from dermal exposure to VOCs/SVOCs in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water (Idl)
can be neglected and total dermal intake (Idtotal) is equal to dermal intake from VOCs/SVOCs in sweat lodge vapor (Id,v)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 3, except as noted)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1 Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Dermal absorption intake from vapor ldv calculated mg/kg-day
Contaminant concentration in water Cdw contaminant-specific mg/L
Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Body surface area available for contact SA 1.8 m
Permeability constant Kp contaminant-specific cm/hr

Length of sweat eventa ET 2 hr/event
Number of sweats per year EF 365 events/yr
Number of years a person sweats ina lifetime ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF1 0.01 m/cm
Conversion factor CF2 365 day/yr

' Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

_table/GenericTables/index.htm

200-PO-1Groundwater Operable Unit CW95 UCL Kpb ,,(non-cancer) RfDo0  GIABS' HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

Acetone0  
67-64-1 VOC 0.0011 0.000512 2.77E-10 9.00E-01 1 3.07E-10 0.0079

Arsenic 7440-38-2 - 0.005767892 0.001 --(c) 3.OOE-04 1 -

Barium 7440-39-3 - 0.049451657 0.001 -(c) 2.00E-01 0.07 --

Carbon tetrachloride 56-23-5 VOC 0.00028 0.016 2.20E-09 7.00E-04 1 3.14E-06 80
Chloride 16887-00-6 - 12.545114 0.001 -(c) -- 1 -

Chloroform 67-66-3 VOC 0.0023 0.0068 7.68E-09 1.OOE-02 1 7.68E-07 19.6
Chromium 7440-47-3 - 0.0141 0.001 -(c) 1.50E+00 0.013 -

Copper 7440-50-8 - 0.00597989 0.001 -(c) 4.OOE-02 1 -

Fluoride 16984-48-8 - 0.30621978 0.001 -(c) 6.OOE-02 1 -

Iron 7439-89-6 - 0.61057915 0.001 -(c) 7.OOE-01 1 -

Lead 7439-92-1 - 0.000663667 0.0001 -(c) - 1 -

Manganese 7439-96-5 - 0.040717647 0.001 -(c) 2.40E-02 0.04 -

Nickel 7440-02-0 - 0.0056 0.0002 --(c) 2.OOE-02 0.04 -

Nitrate 14797-55-8 - 28.952 0.001 -(c) 7.10E+00 1 -

Nitrite 14797-65-0 - 0.46 0.001 --(c) 3.OOE-01 1 --

Strontium 7440-24-6 -- 0.38963943 0.001 -(c) 6.OOE-01 1
Sulfate 14808-79-8 -- 41.899078 0.001 --(c) - -

Thallium 7440-28-0 -- 0.00037 0.001 --(c) - 1
Uranium 7440-61-1 -- 0.005491757 0.001 -(c) 3.OOE-03 1
Vanadium 7440-62-2 -- 0.0168 0.001 -(c) 5.OOE-03 1 --

Zinc 7440-66-6 - 0.006671161 0.0006 -(c) 3.OOE-01 1 -
Total 3.91E-06 100

Aff-k-n+ r-' Dn, r-'-1;7
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Dermal absorption of nonvolatile chemicals in sweat lodge vapor is presented in Table D-22

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment information System database found at rais.orni.gov
-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidancefor Dermal Risk Assessment).
Harris and Harper 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways.
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organic compound.
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Cancer risk calculation

200-PO-1Groundwater Operable Unit CW 95UCL Kpb lI(cancer) CSFo' GIABS Risk %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC? (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)' (unitless) (unitless) Contribution

Acetone' 67-64-1 VOC 0.0011 0.000512 2.69E-10 - 1 -

Arsenic 7440-38-2 - 0.005767892 0.001 --(c) 1.50E+00 1 -

Barium 7440-39-3 - 0.049451657 0.001 --(c) 0.07 -

Carbon tetrachloride 56-23-5 VOC 0.00028 0.016 2.14E-09 1.30E-01 I 2.78E-10 55
Chloride 16887-00-6 - 12.545114 0.001 --(c) 1
Chloroform 67-66-3 VOC 0.0023 0.0068 7.46E-09 3.10E-02 1 2.31E-10 45

Chromium 7440-47-3 - 0.0141 0.001 --(c) 0.013 -

Copper 7440-50-8 - 0.00597989 0.001 -(c) - 1 -

Fluoride 16984-48-8 - 0.30621978 0.001 --(c) - 1 -

Iron 7439-89-6 - 0.61057915 0.001 --(c) - 1 -

Lead 7439-92-1 -- 0.000663667 0.0001 --(c) - 1 -

Manganese 7439-96-5 - 0.040717647 0.001 --(c) - 0.04 -

Nickel 7440-02-0 - 0.0056 0.0002 --(c) 0.04 -

Nitrate 14797-55-8 -- 28.952 0.001 --(c) - 1 -

Nitrite 14797-65-0 - 0.46 0.001 -(c) 1
Strontium 7440-24-6 0.38963943 0.001 --(c) - 1 -

Sulfate 14808-79-8 - 41.899078 0.001 --(c) -- - -

Thallium 7440-28-0 - 0.00037 0.001 --(c) -- 1
Uranium 7440-61-1 0.005491757 0.001- -(c) - 1
Vanadium 7440-62-2 - 0.0168 0.001 -(c) - 1
Zinc 7440-66-6 - 0.006671161 0.0006 --(c) - 1 -

Total ELCR 5.09E-10 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/Generic Tables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Dermal absorption of nonvolatile chemicals in sweat lodge vapor is presented in Table D-22

o the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
- Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidancefor Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
COPC contaminant of potential concern.
ELCR excess lifetime cancer risk.
SVOC semivolatile organic compound.
VOC = volatile organic compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--river exposure area- Yakima Nation

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge condensed water

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4)

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.

Model assumes concentration of nonvolatiles in condensed water is equal to concentration in water used to create steam

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4, except as noted)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4)

Parameter Symbol Value Unit

Dermal absorption intake from liquid 10 calculated mg/kg-day

Contaminant concentration in water Cdw contaminant-specific mg/L

Body surface area available for contact SA 1.8 M2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat eventa ET 2 hr/event
Number of sweats per year EF 365 events/yr
Number of years a person sweats in a lifetime ED 68 yr
Average body weight BW 70 kg

Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr
Conversion factor CF2 365 day/yr

Conversion factor CF3 10 L/m
2-cm

a Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cdw 95 UCL Kpb I0l(non-cancer) RfDo0  GIABS' HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?0  (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

Acetone' 67-64-1 VOC 0.0011 0.000512 --(c) 9.OOE-01 1
Arsenic 7440-38-2 - 0.005767892 0.001 2.97E-06 3.OOE-04 1 9.89E-03 23
Barium 7440-39-3 - 0.049451657 0.001 2.54E-05 2.OOE-01 0.07 1.82E-03 4.2
Carbon tetrachloride 56-23-5 VOC 0.00028 0.016 -(c) 7.OOE-04 1
Chloride 16887-00-6 - 12.545114 0.001 6.45E-03 - 1 -

Chloroform 67-66-3 VOC 0.0023 0.0068 --(c) 1.00E-02 1 -

Chromium 7440-47-3 - 0.0141 0.001 7.25E-06 1.50E+00 0.013 3.72E-04 0.85
Copper 7440-50-8 - 0.00597989 0.001 3.08E-06 4.OOE-02 1 7.69E-05 0.18
Fluoride 16984-48-8 - 0.30621978 0.001 1.57E-04 6.OOE-02 1 2.62E-03 6.0
Iron 7439-89-6 - 0.61057915 0.001 3.14E-04 7.OOE-01 1 4.49E-04 1.0
Lead 7439-92-1 - 0.000663667 0.0001 3.41E-08 - 1
Manganese 7439-96-5 - 0.040717647 0.001 2.09E-05 2.40E-02 0.04 2.18E-02 50
Nickel 7440-02-0 - 0.0056 0.0002 5.76E-07 2.OOE-02 0.04 7.20E-04 1.6
Nitrate 14797-55-8 - 28.952 0.001 1.49E-02 7.10E+00 1 2.1OE-03 4.8
Nitrite 14797-65-0 - 0.46 0.001 2.37E-04 3.OOE-01 1 7.89E-04 1.8
Strontium 7440-24-6 - 0.38963943 0.001 2.OOE-04 6.OOE-01 1 3.34E-04 0.77
Sulfate 14808-79-8 - 41.899078 0.001 2.15E-02 - --

Thallium 7440-28-0 - 0.00037 0.001 1.90E-07 - 1
Uranium 7440-61-1 - 0.005491757 0.001 2.82E-06 3.OOE-03 1 9.41E-04 2.2
Vanadium 7440-62-2 - 0.0168 0.001 8.64E-06 5.OOE-03 1 1.73E-03 4.0
Zinc 7440-66-6 - 0.006671161 0.0006 2.06E-06 3.OOE-01 1 6.86E-06 0.016
Total 0.044 100

a EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).
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Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris a nd H arper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ= hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL Kp ld,(cancer) CSFo' GIABS Risk %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day)" (unitless) (unitless) Contribution

Acetoned 67-64-1 VOC 0.0011 0.000512 --(c) - 1 -

Arsenic 7440-38-2 - 0.005767892 0.001 2.88E-06 1.50E+00 1 4.32E-06 100
Barium 7440-39-3 -- 0.049451657 0.001 2.47E-05 -- 0.07 -

Carbon tetrachloride 56-23-5 VOC 0.00028 0.016 --(c) 1.30E-01 1 -

Chloride 16887-00-6 -- 12.545114 0.001 6.27E-03 1 -

Chloroform 67-66-3 VOC 0.0023 0.0068 --(c) 3.10E-02 1 -

Chromium 7440-47-3 - 0.0141 0.001 7.04E-06 - 0.013 --

Copper 7440-50-8 - 0.00597989 0.001 2.99E-06 - 1 -

Fluoride 16984-48-8 - 0.30621978 0.001 1.53E-04 - 1 -

Iron 7439-89-6 - 0.61057915 0.001 3.05E-04 -- 1 --

Lead 7439-92-1 - 0.000663667 0.0001 3.32E-08 - 1 -

Manganese 7439-96-5 - 0.040717647 0.001 2.03E-05 -- 0.04 --

Nickel 7440-02-0 - 0.0056 0.0002 5.60E-07 - 0.04 -

Nitrate 14797-55-8 28.952 0.001 1.45E-02 - 1 -

Nitrite 14797-65-0 - 0.46 0.001 2.30E-04 -- 1 -

Strontium 7440-24-6 0.38963943 0.001 1.95E-04 - 1 -

Sulfate 14808-79-8 - 41.899078 0.001 2.09E-02 -- -

Thallium 7440-28-0 - 0.00037 0.001 1.85E-07 - 1 -

Uranium 7440-61-1 - 0.005491757 0.001 2.74E-06 -- 1 -

Vanadium 7440-62-2 -- 0.0168 0.001 8.39E-06 -- 1 -

Zinc 7440-66-6 - 0.006671161 0.0006 2.OOE-06 - 1 -

Total ELCR 4.32E-06 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Model assumes 100% volatilization of VOCs/SVOCs; hence, dermal intake from VOCs/SVOCs in condensed water can be neglected (Harris and Harper 2004, Appendix 4).

d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R//99/005 Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Port E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
SVOC semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1groundwater operable unit Native American Risk Assessment (10-Year)--river exposure area-- Yakima Nation

Hazard quotient and cancer risk from dermal exposure to nonvolatile compounds in sweat lodge vapor

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Notion Exposure Scenariofor Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in

groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways
CTUIR sweat lodge scenario (Harris and Harper 2004, Appendix 4)

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 4, except as noted)
Cdw values taken from ECF-200P01-09-2027 Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Dermal absorption intake from vapor av calculated mg/kg-day

Body surface area available for contact SA 1.8 M2

Permeability constant Kp contaminant-specific cm/hr

Length of sweat eventa ET 2 hr/day
Number of sweats per year EF 365 days/yr

Exposure duration ED 68 yr
Average body weight BW 70 kg
Averaging time (non-cancer) ATnc 68 yr
Averaging time (cancer) ATc 70 yr

Contaminant concentration Cdw contaminant-specific mg/L
Molecular weight of water MWw 18 g/mole
Ideal gas law constant R 62.37 (mmHg-L)/(gmole-K)
Temperature of the sweat lodge T 338.7 K
Density of liquid water rhow 1000 g/L
Conversion factor CF2  365 day/yr

Conversion factor CF3 10 L/m
2 -cm

' Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Non-cancer HQ calculation

200-PO-1 Groundwater Operable Unit Cd, 95 UCL Kp ld,,(non-cancer) RfDo' GIABS' HQ %

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?a (mg/L) (cm/hr) (mg/kg-day) (mg/kg-day) (unitless) (unitless) Contribution

Acetoned 67-64-1 VOC 0.0011 0.000512 --(c) 9.OOE-01 1 -

Arsenic 7440-38-2 -- 0.005767892 0.001 4.86E-10 3.OOE-04 1 1.62E-06 23
Barium 7440-39-3 - 0.049451657 0.001 4.17E-09 2.OOE-01 0.07 2.98E-07 4.2
Carbon tetrachloride 56-23-5 VOC 0.00028 0.016 --(c) 7.OOE-04 1 -

Chloride 16887-00-6 - 12.545114 0.001 1.06E-06 - 1 -

Chloroform 67-66-3 VOC 0.0023 0.0068 --(c) 1.00E-02 1 --

Chromium 7440-47-3 - 0.0141 0.001 1.19E-09 1.50E+00 0.013 6.09E-08 0.85
Copper 7440-50-8 - 0.00597989 0.001 5.04E-10 4.OOE-02 1 1.26E-08 0.18
Fluoride 16984-48-8 - 0.30621978 0.001 2.58E-08 6.OOE-02 1 4.30E-07 6.0
Iron 7439-89-6 - 0.61057915 0.001 5.15E-08 7.OOE-01 1 7.35E-08 1.0
Lead 7439-92-1 - 0.000663667 0.0001 5.59E-12 - 1 -

Manganese 7439-96-5 - 0.040717647 0.001 3.43E-09 2.40E-02 0.04 3.57E-06 50
Nickel 7440-02-0 - 0.0056 0.0002 9.44E-11 2.OOE-02 0.04 1.18E-07 1.6
Nitrate 14797-55-8 - 28.952 0.001 2.44E-06 7.10E+00 1 3.44E-07 4.8
Nitrite 14797-65-0 - 0.46 0.001 3.88E-08 3.OE-01 1 1.29E-07 1.8
Strontium 7440-24-6 - 0.38963943 0.001 3.28E-08 6.OOE-01 1 5.47E-08 0.77
Sulfate 14808-79-8 -- 41.899078 0.001 3.53E-06 - -

Thallium 7440-28-0 -- 0.00037 0.001 3.12E-11 - 1
Uranium 7440-61-1 0.005491757 0.001 4.63E-10 3.00E-03 1 1.54E-07 2.2
Vanadium 7440-62-2 - 0.0168 0.001 1.42E-09 5.OOE-03 1 2.83E-07 4.0
Zinc 7440-66-6 - 0.006671161 0.0006 3.37E-10 3.OOE-01 1 1.12E-09 0.016
Total 0.0000 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration _table/GenericTables/index.htm
b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics).

Dermal Intake of Volatiles in Sweatlodge vapor is presented in Table D-20
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov

-- = Indicates toxicity criteria not available to quantify contaminant's noncancer hazard via this exposure route.
EPA/540/R//99/005 Risk AssessmentGuidanceforSuperfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
HQ = hazard quotient.
SVOC = semivolatile organic compound.
VOC = volatile organice compound.
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Cancer risk calculation

200-PO-1 Groundwater Operable Unit Cd, 95UCL Kpb Id,,(cancer) CSFo GIABSa Risk %
(mg/kg-day)

River Exposure Area Nonradioactive COPC CAS # VOC/SVOC?' (mg/L) (cm/hr) (mg/kg-day) (unitless) (unitless) Contribution

Acetoned 67-64-1 VOC 0.0011 0.000512 --(c) -- 1 -

Arsenic 7440-38-2 -- 0.005767892 0.001 4.72E-10 1.50E+00 1 7.08E-10 100
Barium 7440-39-3 - 0.049451657 0.001 4.05E-09 - 0.07 -

Carbon tetrachloride 56-23-5 VOC 0.00028 0.016 --(c) 1.30E-01 1 -

Chloride 16887-00-6 - 12.545114 0.001 1.03E-06 - 1 --

Chloroform 67-66-3 VOC 0.0023 0.0068 --(c) 3.10E-02 1 -

Chromium 7440-47-3 -- 0.0141 0.001 1.15E-09 - 0.013 -

Copper 7440-50-8 -- 0.00597989 0.001 4.90E-10 - 1 -

Fluoride 16984-48-8 - 0.30621978 0.001 2.51E-08 -- 1 -

Iron 7439-89-6 0.61057915 0.001 5.OOE-08 - 1 -

Lead 7439-92-1 - 0.000663667 0.0001 5.43E-12 - 1 --

Manganese 7439-96-5 - 0.040717647 0.001 3.33E-09 -- 0.04 -

Nickel 7440-02-0 0.0056 0.0002 9.17E-11 - 0.04 -

Nitrate 14797-55-8 - 28.952 0.001 2.37E-06 - 1 --

Nitrite 14797-65-0 0.46 0.001 3.77E-08 - 1 --

Strontium 7440-24-6 - 0.38963943 0.001 3.19E-08 - 1
Sulfate 14808-79-8 - 41.899078 0.001 3.43E-06 - --

Thallium 7440-28-0 0.00037 0.001 3.03E-11 - 1 --

Uranium 7440-61-1 -- 0.005491757 0.001 4.50E-10 -- 1 -

Vanadium 7440-62-2 0.0168 0.001 1.38E-09 - 1 -

Zinc 7440-66-6 0.006671161 0.0006 3.28E-10 - 1 --

Total ELCR 7.08E-10 100

' EPA Region 3 Regional Screening Level tables downloaded January 2010. http://www.epa.gov/reg3hwmd/risk/human/rb-concentrationtable/GenericTables/index.htm

b EPA/540/R/99/005 Exhibit 3-1 (inorganics) and Exhibit B-2 (organics.)

Dermal Intake of Volatiles in Sweatiodge vapor is presented in Table D-20
d the Kp value was taken from the Oak Ridge National Laboratory Risk Assessment Information System database found at rais.ornl.gov
-- = Indicates toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
E PA/540/R//99/005 Risk Assessment Guidance for Superfund Volume k: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment).
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.

SVOC semivolatile organic compound.
VOC = volatile organice compound.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--river exposure area-- CTUIR

Cancer risk from inhalation of volatile radioactive contaminants in sweat lodge vapor
Cancer risk from dermal exposure to radioactive contamiants is not evaluated because radionuclide cancer slope factors are not available to quantify cancer risk via this exposure route

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenario for Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).
Harris and Harper, 2004, Exposure Scenario for CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1, except as noted)
Cdw values taken from ECF-200PO1-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit
Inhalation intake linh calculated pCi
Contaminant concentration in water Cd, contaminant-specific pCi/L
Volume of water used in a sweat Vw,total 4 L
Radius of a hemispherical sweat lodge r 1 m

Inhalation rate a IR 26 m3/day

Length of sweat eventb ET 0.083 day/event (2hr/24hr)
Number of sweats per year EF 365 days/yr
Number of years a person sweats in a lifetime ED 68 yr
a Ridolfi (2007, Table 7).
b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Cancer risk calculation

200-PO-1 Groundwater Operable Unit C6,,95 UCL linh SFib Risk %

River Exposure Area Radioactive COPC CAS # Volatile?a (pCi/L) (pCi) (Risk/pCi) (unitless) Contribution
Gross alpha 12587-46-1 - 2.8 --(c) -- --

Gross beta 12587-47-2 - 22.2 --(c) - -

Strontium-90 10098-97-2 -- 2.60 -(c) 1.05E-10 -

Technetium-99 14133-76-7 - 115 --(c) 1.41E-11 -

Tritium 10028-17-8 Yes 59,534 3.06E+09 5.62E-14 1.72E-04 100
Total ELCR 1.72E-04 100

' Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).
b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of nonvolatile contaminants is Presented in Table D-24
- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.
EPA/540/R-92/003 Risk Assessment Guidance for Superfund: Volume I-- Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways
COPC = contaminant of potential concern.
ELCR = excess lifetime cancer risk.
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200-PO-1 groundwater operable unit Native American Risk Assessment (10-Year)--river exposure area-- CTUIR

Yakama Nation sweathouse scenario (Ridolfi 2007)
Ridolfi 2007, Yakama Nation Exposure Scenariofor Hanford Site Risk Assessment.

Yakama Nation exposure scenario (Ridolfi 2007) does not include a model for estimating contaminant concentrations in sweathouse air from contaminant concentrations in
groundwater used to make steam. Evaluation performed using steam model from CTUIR sweat lodge scenario (Harris and Harper 2004).

Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

Intake parameter values (Harris and Harper 2004, Appendix 4, Table 1)
Cdw values taken from ECF-200P01-09-2027 : Exposure Point Concentration for Groundwater Risk Assessment at the 200-PO-1Operable Unit. CHPRC 2010

Parameter Symbol Value Unit

Inhalation intake linh calculated pCi

Contaminant concentration in water C. contaminant-specific pCi/L

Volume of water used in a sweat Vw,total 4 L

Radius of a hemispherical sweat lodge r 1 m

Inhalation rate' IR 26 m
3
/day

Length of sweat event' ET 0.083 day/event (2hr/24hr)

Number of sweats per year EF 365 days/yr
Number of years a person sweats in a lifetime ED 68 yr
Molecular weight of water MWw 18 g/mole

Density of liquid water rhow 1000 g/L
Temperature of the sweat lodge T 338.7 K

Ideal gas law constant R 0.06237 (mmHg*m3)/gmole*K)

Ridolfi (2007, Table 7).
b Average reported Yakama Nation time spent inside sweathouse is 5 hr per week (Ridolfi 2007); value used conservatively assumes 2 hr/event, 1 event/day (14 hr/week).

Cancer risk calculation

200-PO-1 Groundwater Operable Unit C, 95 UCL linh SFIb Risk

River Exposure Area Radioactive COPC CAS # Volatile? (pCi/L) (pCi) (Risk/pCi) (unitless)

Gross alpha 12587-46-1 2.8 2.44E+04

Gross beta 12587-47-2 - 22.2 1.96E+05
Strontium-90 10098-97-2 -- 2.60 2.29E+04 1.05E-10 2.41E-06

Technetium-99 14133-76-7 - 115 1.01E+06 1.41E-11 1.42E-05

Tritium 10028-17-8 Yes 59,534 --(c) 5.62E-14

Total ELCR 1.67E-05

' Volatile radioactive contaminants are operationally defined as those with a Henry's Law constant greater than 10-5 atm-m3/mole and a molecular weight less than 200 g/mole (EPA/540/R-92/003).

b Inhalation cancer slope factors (SFi) taken from EPA Health Effects Assessment Summary Tables (HEAST), Update April 16, 2001: Radionuclide Toxicity. http://www.epa.gov/radiation/heast/index.html

Inhalation of volatile contaminants is presented in Table D-23

-- = Indicates radionuclide toxicity criteria not available to quantify contaminant's cancer risk via this exposure route.

EPA/540/R-92/003 Risk Assessment Guidancefor Superfund: Volume I -- Human Health Evaluation Manual (Part B, Development of Preliminary Remediation Goals) .
Harris and Harper, 2004, Exposure Scenariofor CTUIR Traditional Subsistence Lifeways

COPC = contaminant of potential concern.

ELCR = excess lifetime cancer risk.
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Contribution

14
86

100


